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rologue 


CAREY P. McCORD, M.D., Ann Arbor, Mich. 


For the first time the McIntyre Research 
Foundation and The Saranac Laboratory 
unite in a shared enterprise: the McIntyre- 
Saranac Conference on Occupational Chest 
Disease. These two facilities are bound to- 
gether in the common and high-minded dedi- 
cation to acquire and disseminate precise in- 
formation on occupational diseases of the 
chest and notably the dusty lung diseases. 
Essentially these two organizations are de- 
voted to research in their single field of cover- 
age. The much that already has been achieved 
chiefly reveals the inadequacy of full under- 
standing of the pulmonary occupational 
diseases and thus piques the realization that 
the days of such research are not numbered. 


Recorded for publication April 4, 1955. 


Acting Conference Chairman, Consultant in 
Industrial Medicine, Institute of Industrial Health, 


University of Michigan. 

Read at the McIntyre-Saranac Conference on 
Occupational Chest Disease held at Saranac Lake, 
N. Y., Feb. 7-9, 1955, under the joint sponsorship 
of the McIntyre Research Foundation, of Toronto, 
and The Saranac Laboratory, of Saranac Lake. 


The scientific programs that eventuate in 


this publication have been scheduled and con- 
trived to emphasize current contributions 
of high order. The key word of the Confer- 
ence has been “newness.” Newness in science 
always implies an obligation to banish the 
old when clearly it becomes demonstrated 
that the old holds no values save as markers 


along the way to the fully acceptable ultimate. 


The scientific status of both organizations 
sponsoring this Conference is such that enor- 
mous responsibility rests upon all partici- 
What has been said in the 


pants. many 


sessions unfailingly will touch industry, 


management, labor unions, compensation 


courts, physicians, educators throughout 
America and, even more, many other por- 
tions of the world. This has imposed an 
earnest, zealous, cautious, and even prayer- 


ful approach to the tasks in hand. 


Not lightly stated, the purpose of this 
Conference and its subsequent publications 
comes to be the determination to add to the 
sum total of scientific attainments that event- 
ually will bring all occupational diseases of 


the chest to praiseworthy control. 


ig 
7 
tk 
a4 
: 2 
: 
= 
be 
4 


Objectives of the 
MeIntyre 


FRANCIS B. TRUDEAU, M.D., Saranac Lake, N. Y. 


McIntyre Research Foundation is a non- 
profit corporation formed to carry on re- 
search and investigation in connection with 
the prevention, mitigation, and eradication 
of industrial diseases. As a primary concern, 
however, it has for many years actively pur- 
sued a program seeking to prevent silicosis 
resulting from exposure to silica dust in 
occupations where men may be exposed to 
the hazard. The Foundation has pursued 
the latter objective, firstly, by encouraging 
the use of aluminum prophylaxis and therapy 
and, secondly, by sponsoring programs of 
intensified medical engineering control of 
dust and health hazards in industry. 

To understand more thoroughly the organ- 
ization as it operates today, a brief sketch of 
the historical background and the aims of 
the founders may be pertinent. 

The name McIntyre Research, Limited, 
was chosen when the first company for the 
licensing of the aluminum patent was formed 
on Noy. 22, 1939, to identify the effort with 
its sponsors, McIntyre Porcupine Mines, 
Limited. The co-inventors of the patents 
covering aluminum therapy were Dr. W. D. 
Robson and the late J. J. Denny, who were, 
respectively, plant physician and engineer 
to this mining company. 

In December, 1946, the shareholders of 
McIntyre Research, Limited, turned over its 
interest to McIntyre Research Foundation. 
This change was one in legal form only and 
in no way altered the work and objectives 
of its founders. 


Recorded for publication April 4, 1955. 


Thus the Foundation was formed with a 
charter membership of 10, and the interest 
of each member in the corporation was made 
nontransferable. 


The Directors of the Foundation, who con- 
stituted the Committee of Management, were 
the surviving co-inventor of the patent, Dr. 
W. D. Robson, and those gentlemen who 
contributed to the the work 
accomplished up until the formation of the 
Foundation, namely, Messrs. J. P. Bickell, 
Balmer Neilly, R. J. Ennis, N. F. Parkinson, 
and Drs. D. A. Irwin and J. W. G. Hannon. 

Messrs. Bickell and Ennis passed away in 
1951, and Mr. Balmer Neilly, although still 
a Member of the Foundation, has retired 
from active duty in it. The present officers 
and directors are as follows: 


success of 


E. D. Fox, President and Director—Director and 
Secretary, McIntyre Porcupine Mines, Limited, 
and President and Director, Belleterre Quebec 
Mines, Limited. 


W. B. Dix, Secretary-Treasurer and Director— 
Director and Treasurer, McIntyre Porcupine Mines, 
Limited; Director and President, Castle-Trethe- 
wey Mines, Limited, and Director, 
Quebec Mines, Limited. 


3elleterre 


A. D. Campbell, Manager and Director— Manager, 
Castle-Trethewey Mines, Limited. 


Dr. J. W. G. Hannon, Medical Director and 
Director—of Washington, Pa. 

Dr. D. A. Irwin, Director—Chief Medical Officer, 
Aluminum Company of America. 


Dr. W. D. Robson, Medical Consultant 
Director—of White Rock, B. C., Canada. 


and 


Dr. F. Rohde, Medical Director for Mexico— 
of México, D. F., Mexico. 

N. F. Parkinson, Director—Executive Director, 
Ontario Mining Association. 


M_ L. Urquhart, Director—Manager, McIntyre 


Porcupine Mines, Limited. 
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OBJECTIVES OF McINTYRE RESEARCH FOUNDATION 


The Foundation’s research work initially 
was concerned with those chemical and physi- 
cal processes which determine the incidence 
and rate of development of silicosis. Many re- 
searches were carried out on these problems 
and included the effect of mine gases on the 
development of silicosis and studies of anti- 
dotal rocks, chemical and physical character- 
istics of air-borne mine dusts, and the modi- 
fying effect of admixtures of dust in an 
atmosphere that was primarily contaminated 
by silica. The experimental studies included 
an examination of not only the antidotal, or 
neutralizing, effect of admixed dust on the 
toxic properties of silica but also the opposite 
influence, i. e., a study of dusts that are 
capable of accelerating the action of silica. 

Next followed clinical studies on the use 
of aluminum as a therapeutic means in sili- 
cotics with known disability. This necessi- 
tated an investigation of lung function in 
persons with advanced silicosis who were 
treated by aluminum therapy in order to 
gauge accurately the effects of the aluminum. 

Later the scope of activities in the clinical 
research field was expanded to include the 
development of a field unit for the study of 
pulmonary function. The object of this study 
was to develop an instrument which could 
be placed in the hands of the average plant 
physician and which would measure with 
reasonably scientific accuracy the pulmonary 


function of applicants for employment in an 
industry where atmospheric contaminants 
affect the lung function. 

In order to standardize methods of alumi- 
num therapy, a study of controlled production 
and dispersal of fine particulate dusts and 
aluminum powder was embarked on. The 
chemical and physical characteristics of air- 
borne dusts also required study, and some 
attention was given to the quantitative min- 
eral retention of air-borne minerals in the 
lungs of miners. 

Side-issues in the program sponsored by 
the Foundation included observations on the 
relationship between sterno-vertebral diame- 
ter of the chest and pathological conditions 
in the chest. More recently the Foundation 
has promoted pathological studies of the 
lungs by means of large lung sections accord- 
ing to Gough’s technique and the effects of 
temperature, air flow, air velocity and 
humidity upon the production of dusts and 
powder. 

The results of the Foundation’s own re- 
search and those of important international 
research in connection with silicosis and 
other pneumoconioses have been presented 
by the Foundation to licensees and others 
interested at its yearly Conferences. These 
scientific contributions are published and 
distributed as separates and as complete vear- 
ly Proceedings. 
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E. D. FOX, M.E., Toronto, Canada 


The Saranac Laboratory originated as a 
small unit which Dr. Edward Livingston 
Trudeau established in his homestead in 
1885. In his autobiography Dr. Trudeau 
mentions that it was “the room opening from 
my little office, which was really the begin- 
ning of The Saranac Laboratory for the 
Study of Tuberculosis.” A few years later, 
in December, 1893, at a time when he was ill 
in a New York hotel, Dr. Trudeau’s home 
and laboratory were destroyed by fire. The 
Laboratory was continued, through the gen- 
erosity of Mrs. Robert Hoe, in a small hastily 
built addition to the stable of Dr. Trudeau 
until the new fireproof laboratory building 
was completed. The new Laboratory, a gift 
of George C. Cooper, of New York, who had 
been a former patient of Dr. Trudeau, was 
erected in 1894 and became the first institu- 
tion of this type in the United States in- 
tended specifically for the study of tubercu- 
losis. The library of the Laboratory was a gift 
from Horatio Garrett, of Baltimore. In 1914 
Mr. Samuel Mather made a bequest for the 
establishment of the Trudeau School, and 
since that time the Laboratory has been the 
headquarters of the School and has provided 
to nearly 1000 physicians basic training in 
the principles of tuberculosis and also during 
the past 20 years in the principles of the 
pneumoconioses and other occupational chest 
diseases. Through its seven previous sym- 
posia on occupational chest diseases, The 
Saranac Laboratory has, in addition, dissem- 


Submitted for publication April 4, 1955. 
President, McIntyre Research Foundation. 


inated a vast amount of original research data 
and served as a touchstone in this field of 
inquiry. 

After Dr. Trudeau’s death, the Edward L. 
Trudeau Foundation was established as a 
memorial endowment fund mainly for the 
support of the Laboratory. Subsequently the 
Milbank Memorial Fund and the Black Me- 
morial Fund each contributed $100,000 as a 
special endowment for research by the Lab- 
oratory. The Laboratory has received gen- 
erous research grants from industry and sup- 
port from numerous charitably minded per- 
sons and in recent years has been entirely 
self-supporting. 

The Directors of The Saranac Laboratory 
have been, successively : 

Dr. Edward L. Trudeau, the founder, from 1894 
to 1915. 

Dr. Edward R. Baldwin, from 1915 to 1926. 

Dr. Leroy U. Gardner, from 1927 to 1946. 

Dr. Arthur J. Vorwald, from 1947 to 1953. 

Dr. Gerrit W. H. Schepers, from 1954 to present. 


The Laboratory has made three major con- 
tributions of great cultural value to this 
country. The first is the actual research 
which has been carried on during the past 
60 years. The second is the teaching work 
done formally through the Trudeau School 
and the Saranac Symposia and informally to 
the many visitors and students from all parts 
of the world who have, from time to time, 
come to the Laboratory. The third is the 
public service rendered all over the country 
through the lectures and demonstrations by 
the staff of the Laboratory at various con- 


ferences of physicians, engineers, public 
bodies, and so forth. In addition, the Labora- 
tory has served as the clinical pathology cen- 
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CONTRIBUTION OF SARANAC LABORATORY 


ter for the local community and even for sur- 
rounding towns. From 1893 until 1900 the 
Laboratory was a private nonprofit institu- 
tion of Dr. Trudeau’s. In 1900 it was incor- 
porated with the State University at Albany, 
a legal status it has retained to the present 
time. 

The research work conducted by the Lab- 
oratory has concerned itself with two major 
chapters. The first and the longest phase, 
and in a sense one that is still continuing, is 
the study of tuberculosis. Dr. Trudeau was 
one of the first physicians in this country to 
identify the tubercle bacilli in a patient’s spu- 
tum, a feat he first accomplished in 1886. He 
subsequently proceeded to demonstrate the 
pathogenicity of the bacilli to experimental 
animals and to prove the pathogenic effect 
of the bodily secretions of tuberculous pa- 
tients. The next phase of the study on tuber- 
culosis concerned the environmental influ- 
ences on tuberculosis. Later, there followed 
a period of study on artificial immunity in 
animals. Next came a phase in which a va- 
riety of substances were tried as therapeutic 
agents, ranging from hot air to creosote, 
iodoform, sulfureted hydrogen, hydrofluoric 
acid, essence of peppermint, and so forth. 
The experiments at the Laboratory proved 
mainly that the majority of these substances, 
while ineffective against the tuberculous dis- 
ease, were capable of shortening the lives of 
the experimental animals. After this phase, 
the Laboratory concerned itself strongly with 
the problem of immune reactions and hyper- 
sensitivity and participated actively in a 
search for a possible remedy against tubercu- 
losis. It pioneered the possibility of an antitu- 
berculosis serum and, in the course of these 
studies, discovered the presence of viable tu- 
bercle bacilli in imported T. R. tuberculin 
which was being sponsored in Europe as the 
result of the work of Koch. Through its sup- 
port of the work of Dr. P. A. Levene, one of 
the first workers at The Saranac Labora- 
tory, the Laboratory pioneered the biochem- 
ical study of the tubercle bacillus. This work 
was continued later at other centers, particu- 
larly at the Rockefeller Foundation. 


The second major contribution to research 
pertains to the systematic investigation of the 
pneumoconioses. This phase of the work was 
truly initiated by Dr. Gardner and concerned 
itself both with animal experimentation and 
with the clinical study of industrial personnel 
who might be exposed to dust. 

With improvement in general health condi- 
tions among the population of America, it 
became apparent that a major source of tuber- 
culosis became known to reside in the indus- 
trial population, specifically in those con- 
cerned with dusty trades. Thus the industrial 
commitment of the Laboratory tended to be- 
come its more important branch of study. 

As a result of this approach, the Labora- 
tory proved through its research that the in- 
halation of quartz dust was a major factor 
which adversely influenced the occurrence of 
tuberculosis in industry. Through a series of 
systematic studies on animals, the Laboratory 
contributed a tremendous body of infor- 
mation concerning the pathogenesis of sili- 
cosis and the distinction between silicosis 
and other dust diseases. At the same time, 
the Laboratory continued to pursue its study 
of the tuberculogenic propensities of indus- 
trial dusts and demonstrated forcibly that the 
main phthisiogenic substance among these 
dusts remained the quartz particle. This work 
is still continuing. 

Antedating the publication of experiments 
by Canadian investigators dealing with the 
use of aluminum for the prevention of sili- 
cosis, The Saranac Laboratory engaged in 
experimental work on this subject. Studies 
revealed that compounds of iron offered some 
promise as therapeutic agents for delaying 
or preventing the development of silicosis. 
After the report from Canada on the much 
more promising aluminum prophylaxis, the 
Laboratory carried on a series of studies on 
the value of this agent. This investigation 1s 
still continuing. 

The Laboratory has maintained a field di- 
vision in the Wisconsin-Minnesota area for 
many years and thus became intimately in- 
volved in the problem of iron mining and the 
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associated lung disease. This led to the estab- 
lishment of an industrial hygiene service and 
the evolution of a radiological division. 

The problems of coal miners in particular 
stimulated research into the field of emphy- 
sema and heart disease. This led to the es- 
tablishment of the physiology department. 

Next followed the extensive investigation 
into the very enigmatical issue of berylliosis, 
currently still under study. Dr. Gardner had 
the genius to recognize at this stage the need 
for inquiry into biochemical pathology, and 
therefore he created the department of bio- 
chemistry. This development of the Labora- 
tory rendered possible the proper study of a 
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new phase of the occupational dust diseases 
and prepared the way for investigations into 
carcinogenesis, with which the Laboratory 
is currently very much preoccupied. 

More recently the Laboratory has under- 
taken the study of dusts other than mineral 
and at present has under way an inhalation 
experiment in which the dusting material is a 
plastic. 

Thus The Saranac Laboratory has striven 
to keep abreast of the problems of its times. 
I am told that its approach has ever been 
pragmatic. The staff is constantly inquiring 
into fundamental and even academic issues. 


“a 
4 


Comparative athology 
of Occupational Chis 


Preliminary Observations 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


INTRODUCTION 

It is probably common knowledge that in- 
dustrial employees who have been exposed 
to dusts of various kinds have in the past 
manifested a tendency to die either of a tu- 
berculous complication of a concomitant 
pneumoconiosis or of cor pulmonale. Such 
persons may, of course, also die of any of the 
intercurrent nonoccupational causes. The 
underlying occupational chest disease may 
also terminate life through other mechanisms, 
such as esophageal, bronchial, or arterial 
erosions by silicotic lymph nodes, with ensu- 
ing pulmonary or mediastinal gangrene. The 
latter category of mechanisms tends, how- 
ever, to be in the minority. It must be em- 
phasized, too, that no precise information 
exists today concerning the relative role of 
cor pulmonale as the causative factor of 
death in comparison with tuberculosis. This 
may be because it takes a greater measure 
of clinical diagnostic ability to diagnose cor 
pulmonale, and objective findings are less 
‘asily identified post mortem. Many cases 
of tuberculosis may even die through heart 
failure of the cor pulmonale type. Tubercu- 
losis statistics, on the other hand, are fairly 
well known, and the mechanisms of death 
fairly well understood. 

It is apparent also that the relative in- 
cidence of cor pulmonale in relation to tuber- 
culosis varies markedly from industry to 
industry. The higher the quartz content of 
inhaled dust (e. g., cases of gold miners, 
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ceramic workers), the more probably tuber- 
culosis will be the terminal complication, 
and the more likely will it be that the infec- 
tive process will obscure any associated 
cardiovascular impairment. Where the quartz 
content of environmental dust is low, as 
among coal miners, there is a greater tend- 
ency to cardiac deaths, and there are fewer 
tuberculous terminations. But numerous 
anomalous results may be found where there 
is no apparent inverted relationship between 
the two diseases. 

There is no necessary relationship between 
the degree of demonstrable fibrosis associated 
with pulmonary dust deposition and the 
prevalence of tuberculosis or cor pulmonale 
as terminal events. Thus there may be a very 
marked degree of pulmonary collagenosis 
associated with asbestosis without a mate- 
rially enhanced incidence of tuberculosis. 
Cor pulmonale, on the contrary, is commonly 
found in association with asbestosis, but its 
severity does not necessarily parallel the ex- 
tent of the interstitial fibrosis. Many cases 
of advanced asbestosis may escape a cardiac 
complication entirely. 

Silicosis likewise is vicarious in its effects 
on the vascular system. Although a preva- 
lence of tuberculosis in excess of 75% was 
once a predictable accompaniment of silicosis 
in South Africa, while tuberculosis may still 
be found in 21% of first-stage silicotics at 
death, and whereas it features as the cause 
of death in more than 50% of second and 
third stages, the relationship of cor pulmonale 
to the equivalent grades of silicosis does not 
follow the same logical pattern. Indeed, it 
is not uncommon nowadays to find miners 
with advanced silicosis who have no demon- 
strable abnormality of the vascular system 
whatsoever. There may be a simple anatomi- 
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cal explanation for this. In these cases of 
uncomplicated silicosis, the fibrotic process 
is usually almost completely confined to the 
pulmonary parenchymal lymph nodes, and in 
these positions it cannot exert any deleterious 
influence of any consequence on the blood 
vessels of the lung. 


With the steady reduction in tuberculosis 
mortality among industrial workers all over 
the world, cor pulmonale has become a rela- 
tively more important cause of death. This 
is an unexpected finding which needs fuller 
explanation. It is likely, of course, that its 
higher present-day prevalence is partly il- 
lusory and explicable in terms of better diag- 
noses, electrocardiography, and improved 
radiographic techniques, rendering possible 
recognition at a much earlier stage and with 
greater certainty. The earlier preoccupation 
of physicians with the socially exceedingly 
dangerous tuberculous complication, and the 
overweening importance of the latter, per- 
haps obscured an even greater earlier prev- 
alence of cor pulmonale. The net present 
result, however, is that cor pulmonale is the 
more important sequel to be on one’s guard 
against in dealing with employees who have 
been exposed to environmental respiratory 
hazards for protracted periods. 

So far these diseases have been referred 
to primarily as causes of death. All the pre- 
ceding remarks apply mutatis mutandis and 
with almost equal emphasis to tuberculosis 
and cor pulmonale as causes of disability, 
with the proviso, however, that additional 
causes of functional impairment may coexist, 
precede, or complicate these conditions with- 
out necessarily being capable of causing 
death directly. Thus one has to think here 
of conditions, such as emphysema, chronic 
bronchitis or bronchiectasis, and diffuse 
fibrosis, which may help to impair the work- 
ing capacity of the dust-injured employee 
though but seldom capable of causing death 
directly. In most instances where the latter 
three types of complications are present in 
any sufficiently severe degree, they lead to 
death through the mechanism of right heart 
failure. 
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The riddle of cor pulmonale can only be 
solved when once we have discovered its 
precise mechanism of causation in relation 
to the occupational dust diseases. From the 
medicolegal point of view, it may be of 
crucial importance to know whether the cor 
pulmonale is invariably sequential to a recog- 
nized pneumoconiosis or whether it may 
arise through primary injury of lung ves- 
sels by the dust. By definition, of course, 
the cor pulmonale is invariably sequential 
to impairment of the pulmonary circulation, 
and the cardiac result may be achieved either 
through altered physiological factors or by 
means of direct anatomical damage either 
as a sequel of the specific pneumoconiotic 
reaction or through direct action of the dust 
on the blood vessels. 

The physiological mechanisms 
whereby the chronic occupational lung dis- 
eases can cause heart failure are multiphasic 
but fairly well understood already. Emphy- 
sema may, for instance, mechanically obstruct 
the circulation of blood through the alveolar 
capillary network, which effect the right 
ventricle would attempt to overcome by a 
process of hypertrophy. Any series of pul- 
monary infections of long duration and suf- 
ficient severity, such as may ensue in any 
chronic pneumoconiosis, may, through the 
dual effect of myocardial impairment (cloudy 
swelling) and the increased cardiac output 
related to the higher metabolism of the fever 
state, lead to congestive failure. At the same 
time the increased oxygen demand created 
by fever would tend to increase the 
respiratory effort in the partially anoxemic 
patient. This would create a vicious circle. 
At the same time any superimposed pneu- 
monic process would further encroach on an 
impaired pulmonary vascular bed and render 
futile much of the perfusing function of the 
pulmonary circulation, inasmuch as such 
perfusion would now be to nonventilated 
areas. The bronchial or bronchiolar obstruc- 
tion attendant on many respiratory tract 
inflammatory states would further aggravate 
the ventilatory insufficiency. The main func- 
tional mechanism of genesis of cor pulmonale 
in the occupational chest diseases appears, 
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however, to be anoxia. Physiologists such 
as Euler and Liljestrand * and also Fishman, 
McClement, Himmelstein, and Cournand * 
have conclusively demonstrated that anoxia 
may directly enhance pulmonary arterial 
vasomotor tone, with resultant increase in 
pulmonary pressure. This mechanism may 
be augmented by associated polycythemia, 
hypervolemia, and increased cardiac output. 
Anoxia may further directly impair the ef- 
ficiency of the cardiac muscle, and when 
this factor is combined with the enforced 
need to maintain a greatly increased pul- 
monary arterial pressure, congestive cardiac 
failure ensues. Cournand * and McMichael * 
have adequately explained these terminal 
mechanisms. As there is no intrinsic cardiac 
disease, it is important to realize that the 
whole process remains reversible, while the 
pulmonary lesions are yet amenable to treat- 
ment. Once the lung disease has advanced 
too far, not even bed rest can materially 
ameliorate the cardiac failure, which is not 
primarily dependent on exertion, as in val- 
vular, coronary, arteriosclerotic, and hy- 
pertensive heart disease. Such men only too 
often tend, therefore, to work until shortly 
before death, and conventional cardiac sup- 
portive measures prove of no value. 

In many occupational chest conditions in 
which cor pulmonale has supervened, the 
aforementioned functional mechanisms can, 
however, not be satisfactorily demonstrated. 
Neither emphysema nor pulmonary fibrosis 
may be present in a quantitatively significant 
degree. Physiologists have toyed with the 
concept of thickened alveolar membranes 
or have sought to adduce proof of increased 
resistance to gas exchange across the alveolar 
membrane. There is some apparent success 
in this direction, so that we have a further 
mechanism whereby cor pulmonale may be 
provoked through anoxemia. Histological 
confirmation of such damaged membranes 
requires further elaboration. The physiolo- 
gists have also drawn attention to the factor 
of impaired oxygen transport and inequalities 
of perfusion which presuppose some defi- 
ciency of the pulmonary circulation, either 


functional or anatomical. An attempt to 


elucidate the nature of the latter morpho- 
logical factor, its nature, localization and 
distribution, prevalence and relative signifi- 
cance in the different occupational chest 
diseases at various stages, prompted the 
present inquiry and has yielded the results 
to be presented. 

The study has been conducted on both the 
human autopsy and biopsy material and the 
experimental animals constituting the collec- 
tion of The Saranac Laboratory. In the pres- 
ent account only reference to human lesions 
will be made. Though the range of material 
available for analysis is both unique and 
extensive, no pretense can be made at this 
stage that more than the fringes of the prob- 
lem have been touched. Only a preliminary 
account will be presented, giving prominence 
to some of the fundamental principles al- 
ready uncovered and illustrating certain of 
the more spectacular lesions. While empha- 
sis will be given to these abnormal vascular 
features, it must be pointed out that it is 
neither the intention nor within the range 
of possibility at the present stage of the 
inquiry to evaluate the relative severity and 
to quantitate the multiplicity of the lesions 
to be enumerated. And while reference will 
be made to the comparative vascular path- 
ology of the different pneumoconioses, it is 
by no means the objective of this paper to 
present a final determination of the manner 
or degree in which the different dusts affect 
the vascular systems of the lungs. Attention 
will rather be drawn to the levels of vascu- 
lar arborization at which significant func- 
tional impairment 


may be 


through morphological change. 


engendered 


Logically, too, this account should include 
in detail the major well-known lesions of the 
pulmonary vascular system, such as pulmo- 
nary artery aneurysm with erosion, hemopty- 
sis, rupture or pulmonary artery thrombosis 
with infarction or dissemination of emboli. 
These pathological manifestations are well 
known already, and it must suffice for the 
present to draw attention to the fact that they 
occur in association with the various pneu- 
moconioses. 
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LESIONS OF THE ALVEOLAR WALL 

It has been possible to demonstrate ob- 
literation of the capillary network over ex- 
tensive areas of alveolar walls in many in- 
stances (Figs. 1-3). The commonest cause 
of this disorder in asbestos-, quartz-, cris- 
tobalite-, and tale-exposed workers is the 
abundant deposition of collagen within the 
wall (Fig. 18). The collagen fibers make 
their appearance in the central mural plane 
intervening between capillary plexuses facing 
adjacent alveolar spaces. This observation 
in itself is interesting insofar as it elucidates 
the fundamental anatomy of the alveolar 
wall whose contained capillary networks are 
thus revealed to be of a dual nature in many 
localities, each alveolus having a generous 
supply of capillaries of its own. By the 
abundant thickening of the collagen sheet, 
these capillary plexuses are apparently pried 
apart. However, there apparently is more 
than mere quantitative deposition of col- 
lagen to account for the disappearance of 
the capillaries, as the latter are frequently 
seen to survive and overlie abundant masses 
(Fig. 34). It is possible that in such cases 
the capillaries have atrophied because of 
vascular occlusion in an arteriole in close 
proximity. This seems warranted when one 
takes cognizance of the fact that capillaries 
frequently survive excellently in spite of the 
abundant presence of a central mural col- 
lagenous mass. The latter condition has 
been seen not only in cases of asbestosis but 
also in association with quartz, iron, and 
diatomaceous-earth pulmonary reactions. 

The commoner mechanism whereby capil- 
laries are obliterated results from a super- 
ficial deposition of collagen between the sep- 
tal cell layers and the endothelial cells of 
the capillaries (Fig. 2B). Incidentally, the 
interposition of this layer of collagen leaves 
no doubt whatsoever concerning the separate 
existence of a septal cellular membrane. The 
capillaries become embraced within such 
collagenous sheaths and are seen to be con- 
siderably narrowed, and their continuity 
throughout the alveolar walls becomes finally 
interrupted. Even before the capillaries com- 
mence thus to atrophy, it is quite apparent 
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that the functional efficiency of the alveolar 
wall must be seriously disturbed through the 
interposition of the collagenous sheath be- 
tween the alveolar space and the blood cells. 
This morphological feature would serve to 
explain the increased gaseous transfer gradi- 
ents observed in some of the occupational 
chest diseases. 

Another mechanism whereby the alveolar 
wall capillaries may be occluded is seen in 
quartz rock, coal, and graphite miners. In 
such cases carbon-laden koniophore cells 
infiltrate into the alveolar membrane and by 
accumulating here in great numbers effec- 
tively displace the capillaries (Fig. 14). 
Once more it should be stipulated, however, 
that a possible additional factor in achiey- 
ing this result may be through the occlusion 
of arterioles supplying such lung areas. 

In tale workers and persons affected by 
the sarcoid-like granulomata ascribed to 
beryllium, and also as a result of the inhala- 
tion of amorphous ultramicroscopic siliceous 
particles, the alveolar walls may be markedly 
infiltrated by cells, mainly macrophages but 
also lymphocytes, plasma cells, giant cells, 
and fibrocytes. The abundant presence of 
such cells effectively strangles all capillaries 
adjacent to them (Fig. 24). 

A final mechanism whereby alveolar walls 
are thickened and in which capillaries are 
implicated may be seen in iron 
welders and asbestos and foundry 
more particularly. In such cases multiple 
layers of collagen and capillaries may be 
present. The capillary plexuses may alter- 
nate with collagen layers or may surround 
them. There may even be pure multilayered 
proliferation of capillaries (Fig. 3B). It is 
quite apparent that, in spite of the addition 
of such excessive vascular components, only 
the most superficial capillary plexuses are 
exposed directly to the air of the alveoli. 
The deeper layers not only become redun- 
dant but also may constitute a functionally 
disadvantageous vascular by-pass. This hy- 
peremic condition is then the very reverse 
of the ischemia previously described but may 
equally be a cause of cardiorespiratory func- 
tional impairment. 
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SMALL BLOOD VESSEL DAMAGE 


The lesions of the smaller blood vessels 
concern changes of the endothelium and 
intima, alteration of the muscular coats, and 
perivascular reactions. 

Intimal lesions have been most commonly 
seen in the lungs of deceased persons ex- 
posed to quartz, asbestos, tale, iron, and 
beryllium salts (Fig.44). 

The quartz type of reaction tends to take 
the form of a centripetal deposition of con- 
centric collagen bundles, and the advancing 
broadened intima gradually seals off the 
vascular lumen. The resultant effect may 
not be very dissimilar to a mature silicotic 
nodule, except that the residua of the lamina 
elastica may be demonstrable by appropriate 
staining techniques. 

The endothelial reaction in iron miners’ 
and foundry workers’ lungs may appear as 
nodular excrescences copiously charged with 
metallic particles. These swellings may ef- 
fectively obliterate the lumen. In the asbestos, 
talc, and beryllium cases there may be a 
fibrocellular proliferation of the intimal zone 
without any obvious deposition of foreign 
bodies, though the latter may be present in 
great numbers around the blood vessels. Oc- 
casionally asbestos and tremolite bodies may, 
however, be seen within the intima, and iron 
staining may bring out marked focal pre- 
valence of such elements, especially in tale 
workers (Fig. 88). Both in tale and in 
asbestos workers there is a greater tendency 
for veins to be similarly affected. Completely 
occluded venules are frequently seen within 
larger masses of fibrosis, their lumina being 
sealed off by abundant intimal tissue com- 
posed of a loose web of collagen with inter- 
spersed cells (Fig. 10B). Unless such areas 
are stained by collagen or elastic tissue 
methods, these features may be missed en- 
tirely, as the destroyed vessels ultimately 
merge completely with the surrounding scar 
tissue. 

Damage to the muscular coats is most 
commonly seen in association with asbestos 
and tale exposures. It tends to take the form 
of a focus of irregular fibrocellular reaction 
which invades and disrupts the continuity 
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of the muscle sheets (Fig. 4B). Asbestos 
or tremolite bodies may be demonstrable 
within the lesion. Tlie whole mass may bulge 
prominently into the vascular lumen, almost 
to the degree of partially occluding it. This 
etfect may be aggravated by a measure of 
intimal proliferation opposite the nodule, and 
thrombi tend to form at such sites. 

Perivascular reactions stand out, however, 
as the most important features of the occupa- 
tional dust diseases. They may be present 
around the smaller vessels, with or without 
any narrowing of the lumen. In most cases 
they commence as macrophage or lympho- 
cytic accumulations in the perivascular lym- 
phaties (Fig. 5). 

Deposits of this nature are probably least 
common in the frankly silicotic cases and 
most prevalent in association with asbestos, 
talc, coal, and iron exposures. The reaction 
occurs either as a cellular deposit or in the 
form of a collagenous sheath ( Figs. 64 and 
114). 

The tale and gypsum perivascular lesions 
are probably the most characteristically cellu- 
lar examples (Fig. 6B). In instances of 
virtually pure tale exposure, abundant macro- 
phage deposits accumulate around the smaller 
vessels and generally do not affect the vas- 
cular lumen materially. Provided that quartz 
has not been inhaled along with the tale or 
gypsum in any significant amount and pro- 
vided that the tremolite and anthophyllite 
content of the tale is low, virtually no col- 
lagen is found in these masses, and the en- 
circled blood vessel may show no material 
adventitial reaction or change in caliber. 

Cellular deposits are also characteristic 
of graphite, coal, and iron miners, with the 
qualification that these cells are now heavily 
laden with the appropriate foreign substance 
(carbon, coal, or iron). The essential lesion 


of coal miners’ pneumoconiosis and of sidero- 
is such a perivascular koniophore de- 
and this fact emphasizes the error 
radiologists fall into when they seek 
to differentiate between vascular 


sis 1s 
posit, 
many 
shadows 
and nodules in these diseases. It is simply 
not possible to make such a distinction (Fig. 
7A). 
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The perivascular coal lesion may usually 
be demonstrated in every stage of its evolu- 
tion in the average case. It commences as 
a dominantly cellular limited deposit around 
smaller blood vessels, mainly arteries. By 
the successive addition of new dust-laden 
cells, the mass grows progressively until it 
has the appearance of a stellate nodule. The 
more quartz there may be, the greater the 
abundance of collagen fibers which are de- 
posited among these cells and the stronger 
the tendency for their deposition in the form 
of concentric whorls. The tendency toward 
stenosis and virtual occlusion of the blood 
vessel is enhanced by the presence of quartz 
along with the coal or iron, but even when 
the free silica content of such lungs is vir- 
tually insignificant, marked stricturing of 
the blood vessels contained within the pig- 
mented masses commonly occurs. Perhaps the 
role of these changes has in the past been 
somewhat overlooked as a cause of pulmo- 
nary disability and ultimate cor pulmonale in 
anthracotics and siderotics. 

In asbestosis, the earlier perivascular re- 
action tends to be cellular and is replaced 
later by a loose collagenous plexus. Asbestos 
bodies may frequently be seen both in the 
cellular phase ( Fig. 84) and also later when 
the fibrous collar commences to form, the 
bodies remaining trapped among the collagen 
bundles. Within this mass the trapped blood 
vessel either may show no change in caliber 
and form or may be markedly narrowed 
and distorted. The concurrent presence of 
some quartz in the lung tissue markedly en- 
hances the latter tendency. 

Perivascular changes provoked by cristo- 
balite, as in diatomaceous-earth disease, 
tend to be in the nature of a diffuse, irregu- 
larly collagenous character, with many cellu- 
lar elements interspersed among the fibers. 
The perivascular reactive zone shades off 
gradually into the more distant lesions. 


DAMAGE TO ARTERIES AND VEINS 
Blood vessels which may seem perfectly 

normal to naked eye inspection may never- 

theless present a variety of pathological fea- 


tures on microscopic examination of their 
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walls. In a case where the main exposure 
was to cristobalite and in another where the 
causative agent was asbestos, considerable 
irregular thickening of the intimal layer 


could be demonstrated in some medium- 
sized vessels without any simultaneous dam- 
age to the elastic laminae but with some 
fatty infiltration of the muscular coat (Fig. 
9A). There was, however, considerable peri- 
arterial fibrosis in these cases as well. 

More generally the lesions of the intimal 
coat are atheromatous plaques, and these 
occur in the main pulmonary arteries or their 
primary branches. However, one case of an 
iron foundry worker was found in which 
atheroma could be traced to the fourth and 
fifth series of vascular ramifications. No 
significant atheroma was demonstrable in 
this case in the aorta or systemic vessels. 

A rather spectacular injury sustained by 
the pulmonary arteries of intermediate caliber 
may sometimes be seen and takes the form 
of segmental collagenous infiltration in the 
muscular coat whose individual bundles may 
be seen to be separated by intervening fibrous 
layers (Fig. 9B). Instances of such change 
have been seen in association with both 
silicosis and asbestosis. Neither pigment nor 
asbestos bodies could be demonstrated within 
these degenerative vascular segments, but 
this does not exclude their being present. 
At such segments the vascular walls may be 
considerably thickened. 

Similar changes have been seen in the 
veins in asbestosis but not in silicosis. 

Changes in the vascular adventitia are to 
be expected, as the specific dust reactions 
are grouped around the blood vessels. These 
changes are most frequently observed in 
asbestosis and diatomaceous-earth disease 
and may include some damage to the external 
elastic lamina, especially in the case of the 
veins coursing through interlobular septa. 
Such changes are also quite common in cases 
of silicosis or siderosis where there has been 
a significant degree of associated infection. 
The essential nodule of coal miners’ anthra- 
cosilicosis is also a similar lesion, though 
the abundance of the perivascular carbon 
pigment may obscure the associated col- 
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lagenosis unless special staining is resorted 
to. The central vessel either may be markedly 
constricted or may show no material nar- 
rowing of its lumen. Arteries tend to show 
the former type of reaction and veins the 
latter, though this is not an inflexible rule. 

An interesting feature observed more par- 
ticularly in anthracosis and siderosis con- 
cerns the attempted effective recanalization 
of partially occluded blood vessels through 
the enlargement of one or more of the vasa 
vasorum (Fig. 7B). Whether any signifi- 
cant measure of collateral circulation may 
thus be established remains in some doubt, 
though Liebow’s® researches have given 
strong support to the fact that the bronchial 
arterial system may materially supplement 
and sustain a defective pulmonary arterial 
system. It is possible that such a collateral 
circulation may be adequately demonstrated 
only through injection techniques and that 
the sites of inosculation are rapidly obliter- 
ated. However, in the examples identified 
in The Saranac Laboratory series, it seems 
that the communication between the pul- 
monary and the bronchial arterial systems 
is definitely via the vasa vasorum. 


RELATIONSHIP BETWEEN VASCULAR LESIONS 
AND SPECIFIC DUST NODULES 

The crucial medicolegal issue which ema- 
nates from the foregoing demonstration of a 
variety of pulmonary vascular lesions in 
persons who have been exposed to different 
occupational hazards concerns not only the 
relationship of such lesions to the dust par- 
ticles which are demonstrable within them 
but more particularly their relationship to 
the pathognomonic dust reaction. 

The majority of the occupational dust 
diseases are characterized by the presence of 
nodules in the lungs. Silicosis is the classical 
and extreme example, and asbestosis the least 
conformer. The nodules of siderosis, anthra- 
cosis, and talcosis are primarily perivascular 
in disposition, and the granulomata asso- 
ciated with beryllium exposures, though 
localized to the alveolar walls, are essentially 
periarteriolar. Shaver’s disease and diato- 
maceous-earth disease are less readily related 
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to the vascular system. They are, in a sense, 
pericapillary lesions, which accounts for their 
diffuse character. 

The relationship between the silicotic nod- 
ule and the vascular system is the most inter- 
esting to explore. It has been fairly well 
established by the work of Simson, Strachan, 
and Irvine ° that the classical silicotic nodule 
develops within the pulmonary lymph nodes 
in man. This accounts for its characteristic 
location and its discrete or focal character in 
the average case of moderate exposure to 
quartz particles. The distribution of these 
lymph deposits has been fairly well defined 
by Miller.* They tend to occupy the points of 
bifurcation or ramification of the pulmonary 
arteries and also follow the venous system 
along interlobular septa toward the pleura. 
In this sense, therefore, while the silicotic 
nodules are not perivascular, they are at 
least paravascular in topographic disposition. 

Lymph nodes are supplied by arterial twigs 
from adjacent arteries, and it would be sur- 
prising, therefore, to find silicotic nodules 
which have not at least some semblance of 
a relationship to the vascular system. The 
mature hyalinized silicotic nodules appear to 
he completely avascular, to be true, but the 
immature nodule almost always has a small 
arteriole leading to it. Sometimes this vessel 
is eccentric (Fig. 124), and at other times 
it is central in relation to the whorls of col- 
lagen (Fig. 11B). What happens to this 
vessel? When sufficient numbers of nodule 
sections are prepared by means of elastic 
stains, it may be possible to demonstrate the 
remains of such vessels often deeply buried 
within the mass of collagen (Fig. 12B). The 
elastic lamina survives the collagen change 
and leaves a telltale ring pattern. 

This discovery has dual significance. In 
the first instance, it reveals that the very 
creation of silicotic nodules may be dependent 
on the existence of a system of nutrient ar- 
teries. This may explain partly the progres- 
sive growth of silicotic nodules. Secondly, 
it points to the fact that the maturation of 
silicotic nodules leads to the interruption of 
the continuity of smaller arterioles. These 
may all be end-arteries destined to the lymph 
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nodes in which the silicotic nodule develops, 
so that final occlusion of the vessel may have 
no material effect on the pulmonary circula- 
tion as a whole. On the other hand, if the 
shut-off vessels were also required to perfuse 
areas of lung tissue beyond the site at which 
the nodules form, their obstruction by the 
silicotic nodule would be reflected in regional 
impairment of lung function, whose total 
effect would ultimately begin to influence the 
efficiency of the lung as a whole when suffi- 
cient numbers of mature nodules have been 
formed. The foregoing features have been 
seen in both silicosis and siderosilicosis. 

In asbestosis we find an entirely dissimilar 
state of affairs. The predilection of the as- 
bestotic focus is paravenous (Fig. 134). 
The fibrotic area is seldom spherical as in 
silicosis, though it may be circular in cross 
section. More generally it presents as an 
irregular mass adjacent and adherent to the 
venous adventitia and composed partly of 
cells and partly of irregularly aligned col- 
lagen and elastic bundles with asbestos fibers 
and bodies among these. The wall of the vein 
may or may not be materially affected by 
the presence of the asbestotic reaction. In 
this respect once more asbestosis differs from 
silicosis, for when a silicotic nodule comes to 
lie against a large blood vessel the muscular 
component of the vessel closest to the nodule 
becomes considerably thickened and distorted 
through the deposition of collagen bundles 
among the muscle fibers (Fig. 138). 

Asbestotic fibrocellular masses are com- 
monly disposed around extensive sections of 
veins or arteries. The presence of the en- 
circling cicatrical mass distorts and narrows 
the vessel (Fig. 114), though not invariably, 
and it is often surprising to see how little 
the vessels imbedded within extensive masses 
of asbestotic granulation may be disturbed. 
These variations may account in some meas- 
ure for the lack of correlation between the 
degree of disability and the extent of pul- 
monary reaction seen in asbestotics from the 
same or different industries. 

Asbestotic tissue differs further in a vascu- 
lar sense from the silicotic reaction in pos- 
sessing a generous capillary supply (Fig. 
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104). Such capillary infiltration into the 
area of pigment deposition or fibrocellular 
reaction is entirely lacking in anthracosis, 
siderosis, berylliosis, and talcosis. In the 
areas of reaction to gypsum, capillary pro- 
liferation may be markedly enhanced. 

In the pleura, too, such distinctions are 
usually demonstrable. The silicotic pleura 
tends to be avascular, and this tends also to 
be the state of affairs in siderosis, berylliosis, 
and anthracosis. In asbestosis, talcosis, and 
the gypsum lung, the pleura may be focally 
or diffusely thickened through the addition 
of a layer of collagen-infiltrated tissue be- 
tween the lamina elastica and the meso- 
thelium. This zone is richly permeated by 
vascular and lymphatic capillaries, and within 
it asbestos and tremolite bodies may often 
be demonstrated. 


PULMONARY ARTERIES 


Reference has already been made to ather- 
oma as a relatively common finding in the 
intima of pulmonary arteries and their pri- 
mary branches, especially when chronic cor 
pulmonale is present (Fig. 154). Such 
atheroma relatively seldom progresses to 
thrombosis or erosion, but aneurysmal dis- 
tentions are not uncommon in silicosis. In 
all the occupational pulmonary dust diseases, 
marked distention of the pulmonary arteries 
and their primary and even secondary 
branches may be a prominent feature. The 
vessels may be doubled and even trebled in 
caliber. Such changes are, however, com- 
monest in berylliosis, silicosis, asbestosis, and 
talcosis. This condition is rare in uncompli- 
cated siderosis. 

Stenosis distortion and fixation of the pul- 
monary vessels through hilar fibrotic masses 
or by the presence of enlarged hilar nodes 
is to be seen most commonly in silicosis, 
particularly where there has been some asso- 
ciated infection (Fig. 144). It is an uncom- 
mon feature in uncomplicated siderosis, 
anthracosis, or asbestosis and has not been 
present in the beryllium series available for 
examination. 

Opposite silicotic nodules these larger ves- 


sels often show 


some measure of mural 
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thickening, with or without collagenosis 
(Fig. 148) and intimal atheroma (Figs. 
144 and 15B). This state of affairs has not 
been seen in the other occupational dust dis- 
sases of the lung. 

The range of abnormalities of the larger 
pulmonary vessels is therefore relatively 
limited as compared with the multiplicity of 
changes demonstrable in the smaller vessels. 
It is indeed apparent that the brunt of patho- 
logical stress falls on the least components 
of the vascular system. 


INFECTION AND VASCULAR ABNORMALITIES 


The addition of tuberculosis to the silicotic 
process has a markedly deleterious effect on 
the pulmonary blood vessels. Tuberculosis 
per se does not necessarily affect the vascular 
elements, though, when sufficiently advanced, 
the fibrotic process may obliterate blood ves- 
sels. This, however, seldom leads to a cor 
pulmonale (Gardner*). Even in tuberculo- 
silicosis, cor pulmonale may be a less common 
accompaniment of advanced disease than, in 
comparable degrees, of noninfective lesions, 
though not infrequently the most advanced 
stages of right heart involvement are seen in 
connection with the combined disease. The 
former state is somewhat surprising in view 
of the extensive loss of vascular bed which 
accompanies the infective process. The tuber- 
culosilicotic lesion, in particular, is charac- 
terized by its virtually complete avascularity. 

The manner in which blood vessels may 
become affected in tuberculosilicosis varies. 
Where the process is tuberculosilicotic from 
the start, the vessels are slowly involved by 
the peripheral expansion of the lesion. It 
first becomes adherent to the infected nodule, 
and subsequently dust-laden phagocytes and 
fibrocytes encircle the vessel while its walls 
undergo degenerative changes. Through 
intimal proliferation the lumen is thereafter 
occluded, 

Similar changes are seen in proximity to 
tuberculous cavities whose walls may con- 
tain many degenerated and occluded vessels. 
Occasionally, however, a blood vessel may be 
seen to survive within one of the septa of a 
multilocular cavity, and this tendency is the 


greater the more frankly tuberculous the 
lesion happens to be. These features may 
explain the relative paucity of frank and 
massive hemoptysis in tuberculosilicosis as 
compared with tuberculosis itself. 

Blood vessels may also become trapped, 
degenerated, and occluded by two additional 
mechanisms in the presence of added infec- 
tion. Where tuberculosis manifests itself as 
a transient pneumonic process in a silicotic, 
the vessels within the inflamed area acquire 
a dense fibrocellular sheath during the pro- 
cess of resolution or organization, and the 
proliferation of these cells indicates clearly 
that they derive some of their stimulus from 
the presence of quartz in the perivascular 
lymphatics. 

A final manner in which such vessels be- 
come affected is discernible in the paren- 
chymal tissue which intervenes between ad- 
jacent tuberculosilicotic masses. Here the 
arteries in particular are seen to acquire 
thick fibrocellular cuffs within which charac- 
teristic tuberculosilicotic tissue reactions may 
take place, thus indicating the presence of 
both the dust and the infective components. 
Such vessels show a marked tendency to 
endarteritis obliterans. 

The infective processes just described in 
connection with silicosis are demonstrable in 
siderosilicosis and anthracosilicosis as well 
but tend to be markedly modified by the 
presence of the specific iron or carbon de- 
posits. In the case of both anthracosilicosis 
and siderosis, the carbon and the iron appear, 
respectively, to enhance the tendency to vas- 
cular damage where there is associated tuber- 
culosis. When tuberculosis supervenes in 
either relatively pure siderosis or anthra- 
cosis, the presence of the iron or the carbon 
has the opposite influence in that these sub- 
stances tend to retard vascular damage. 

Asbestosis is but seldom complicated by 
tuberculosis, and when the latter is present, 
there appears to be no specific tendency to 
added vascular damage. More commonly 
the infective agent in asbestosis is in the 
nature of a nonspecific bacterial broncho- 
pneumonia. The repeated recurrence of such 
inflammatory episodes has the effect of trap- 
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ping large numbers of asbestos fibers within 
organizing tissue and thus rapidly to extend 
the asbestotic granulation reaction. No spe- 
cific damage is caused to blood vessels in 
this process, and one gains the impression 
rather that they are less disturbed in such 
areas than in the more chronic primary as- 
bestotic process. Similar remarks apply to 
talcosis, though the tendency for a quartz 
component to further complicate the matter 
by forming perivascular fibrotic deposits is 
relatively strong here. When quartz is 
present in moderate amounts, the resultant 
postinfective lesion may initially be a col- 
lagenized granulation tissue which is well 
permeated by capillaries. 


RELATIONSHIP BETWEEN VASCULAR CHANGES 
AND COR PULMONALE 


The foregoing account of the variety of 
vascular changes to be encountered in asso- 
ciation with some of the occupational pul- 
monary dust diseases must perforce incline 
one to the conclusion that the magnitude of 
the blood-vessel disease encountered in the 
lung may play some part in the genesis of cor 
pulmonale. In theory, one could imagine the 
right heart laboring against peripheral ob- 
struction in the pulmonary circuit. However, 
the principle involved is more than one of 
mere mechanics. By analogy, for instance, 
the ventricle does not hypertrophy because 
a patient has had his legs or even all his 
extremities amputated. Even in the presence 
of multiple peripheral and organ infarction 
in atheromatous disease, which presupposes 
a markedly reduced systemic vascular bed, 
systemic hypertension does not necessarily 
develop. Similarly, pulmonary hypertension 
is often conspicuous by its absence in ad- 
vanced fibroid phthisis in which a majority 
of lung blood vessels may be sealed off. 


No doubt many subtle physiological mech- 
anisms are brought into action before the 
right ventricle will tend to hypertrophy in 
response to rising pulmonary tension. In 
the case of left ventricular hypertrophy asso- 
ciated with systemic hypertension, there are 
functional as well as organic peripheral vas- 
cular changes and vessels are only partly 
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stenosed, becoming sporadically occluded as 
terminal regional phenomena. Perhaps the 
mechanism in the lungs is comparable with 
this systemic pattern of behavior, so that 
partial narrowing of lung blood vessels and 
segmental injury to their walls may have a 
more markedly enhanced effect in raising the 
pulmonary artery pressure than when these 
vessels are completely occluded in the pneu- 
moconiotic process. The relative ischemia at 
points distal to such narrowings is bound to 
influence markedly the capacity of the lung 
to oxygenate the blood, and the ensuing 
anoxia and resultant pulmonary hypertension 
will be proportionately greater if there are 
at the same time other associated causes of 
anoxia, such as bronchospasm and emphy- 
sema. This will tend to lead to a vicious 
cycle, for progressive increase in pulmonary 
artery tension is not likely to improve circu- 
lation through distorted, narrowed, fixed, or 
spastic arteries, arterioles, and capillaries. 
Whether the vascular damage per se (i. e., in 
the absence of such associated causes of 
anoxia) would be sufficient to provoke pul- 
monary hypertension is not yet proved at 
this stage, but the anatomical basis for such 
a possibility does at least exist, and in terms 
of hydrodynamics it ought to be possible. 


SUMMARY 


The lungs of persons who have been ade- 
quately exposed to industrial dusts, including 
quartz, iron, coal, tale, gypsum, diatomaceous 
earth, beryllium compounds, and asbestos, 
either singly or in combination, show a 
diversity of lesions of the blood vessels whose 
prevalence and extent vary according to the 
nature of the foreign substances deposited 
in the lungs, their quantity, and associated 
infection. 

The most marked effects are on the smaller 
vessels and comprise cellular and collagenous 
lesions of the capillaries in the alveolar walls, 
damage to the intima, muscular coats, and 
adventitia of the arterioles and venules, and 
perivascular deposits of pigments, fibrocytes, 
and macrophages with variable degrees of 
associated fibrosis. The effect on these small 
vessels may be to occlude, stenose, and distort 
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them and to create inefficient vascular short 
circuits. 

Larger pulmonary vessels may also show 
damage, ranging from intimal atheroma to 
medial segmental hypertrophy and collagen 
degeneration, cicatrical stenosis, and aneu- 
rysmal distention. Such vessels may become 
eroded and rupture. 

In silicosis, the vascular damage is an 
added lesion over and above the specific col- 
lagenous nodules, which latter may, however, 
show their own peculiar vascular degenera- 
tive phenomena. In anthracosis, siderosis, 
berylliosis, talcosis, and asbestosis, the peri- 
vascular lesion is an integral and indistin- 
guishable component of the pathognomonic 
pulmonary dust lesion. 

Specific dust particles or fibers and even 
asbestos and tremolite bodies may, in most 
instances, be demonstrated within or in rela- 
tion to these vascular lesions. 

In the presence of superimposed infection, 
particularly tuberculosis, the vascular damage 
may be disproportionately great. This effect 
is enhanced if there has been associated 
quartz inhalation. Asbestosis does not follow 
these rules directly. 

It is suggested that these vascular changes 
may be a factor in the genesis of cor pul- 
monale, though it is not at present established 
that they may bring about this result in the 
absence of associated physiological disturb- 
ances leading to anoxia. 
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DISCUSSION 

Dr. P. G. Bovarp: Dr. Schepers’ discussion was 
extremely interesting and new. I would like to ask 
him what causes collagen to accumulate about the 
arterioles and whether it may be found in persons 
not exposed to dust. 

Dr. Scuepers: Collagen deposition can occur in 
the lungs apart from dust exposures. There is a 
well-known and growing concept of a group of dis- 
eases known as the collagenoses. They are char- 
acterized by collagen changes not only in the lungs 
but also in other organs, for instance, in the heart, 
in the skin, in soft tissues, around joints, and in 
organs such as the kidneys. One characteristic type 
is the generalized pulmonary collagenosis of the 
Hamman-Rich syndrome mentioned by Dr. Van 
Ordstrand. Others include scleroderma, in which 
there are collagen deposits in lungs and the skin, 
periarteritis nodosa, and lupus erythematosis. In 
coal miners there is also sometimes an arthritis as- 
sociated with nodular deposits in the lungs. In 
dermatomyositis, collagen is deposited in muscles, 
including the diaphragm and intercostal muscles, but 
no reports concerning lung deposits have been sub- 
mitted as yet. In those conditions we do not know 
what the cause of that collagen formation is. There 
is more speculation than facts in the medical litera- 
ture. In the case of silicosis we do have evidence that 
the silica attracts to the sites of its deposition in 
the tissues the macrophages and the fibrocytes 
which are normal cellular components of connective 
tissue. Collagen is formed, as far as we know, by 
these fibrocytes, and complex enzyme systems may 
be involved. At least we know that in silicosis the 
fibrocytes have prior existence in the tissue where 
the collagen forms. We also know that collagen for- 
mation is very largely linked with metabolism of the 
suprarenal cortex. That is why Dr. Van Ordstrand 
mentioned the excellent response that he obtained 
with cortisone and corticotropin. 

Mr. Rann: To what type of beryllium was the 
exposure in the cases illustrated? Was it a ber- 
yllium copper alloy? 

Dr. Scuepers : In the cases of vascular disease to 
which I referred, the industrial exposure was to 
beryllium oxide dust and not to beryllium alloy. 

Dr. E. P. Swartz: Dr. Schepers, have you cor- 
related the blood vessel changes with the age of the 
person ? 
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Dr. ScHEPERS: My data were all derived from 
persons who were under 50 years of age at the time 
of death. I deliberately excluded older persons from 
my study, as we know that certain degenerative 
changes take place in the blood vessels of older 
persons. A study of the incidence of these collagen 
changes at different ages, compared with their rela- 
tive prevalence in relation to dusty exposure, is in 
progress and will be reported later. 

Dr. S. RtsMAN : Assuming that mineral dusts may 
affect pulmonary vascular structures, does that 
mean that symptoms may occur without significant 
or typical roentgenogram changes ? 

Dr. ScHEPERS: When there are no space-occupy- 
ing lesions in the lung and if there is no radiopaque 
substance in the perivascular tissues, there will be 
no shadow on the radiogram. Before the x-ray can 
record on the roentgenograph film, it has to pass 
through almost a foot of chest wall and lung tissues. 
Any substance which will cast a separate shadow 
must therefore be more dense or occupy a certain 
amount of space in order to be recorded. These 
changes which occur in blood vessels are for the 


Fig. 1—Ischemia of alveolar walls. 
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above reasons frequently not demonstrable in the 
type of radiograms which are useful for routine 
purposes. On the other hand, if those same radio- 
grams are scanned from a different point of view, 
i. e., if one searches specifically for evidence of blood 
vessel damage, it is very frequently possible to 
recognize changes previously overlooked on merely 
scanning the same x-rays for nodules. These lesions 
manifest themselves through the absence of lung 
markings (representing blood vessels) which were 
previously demonstrable. Such blood vessel damage 
may of course very easily be demonstrable by means 
of arteriography or even by tomography which dis- 
plays the vascular architecture of the lungs quite 
well. Moreover, one would have the associated radi- 
ographic, clinical, and electrocardiographic evidence 
of cor pulmonale to provide further clues. It would 
be entirely unjustified to reason that, because the 
person in question has breathed a dust, a significant 
amount of damage to the blood vessels of his lungs 
must ipso facto be present, even though it cannot be 
demonstrated by any known clinical means. The con- 
dition must be provable in order to be diagnosable. 


A, obliteration of capillary plexus in alveolar wall 


through macrophage infiltration (quartz and cristobalite exposure). B, destruction of capillary 
plexus through collagen deposition within alveolar wall (tremolite talc miner). 
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ee: Fig. 2—Reduced alveolar wall capillary circulation. 4, impairment of capillary bed through 
lymphocytic mural infiltration and giant-cell formation (beryllium worker). B, alveolar mural 
capillaries encircled by irregular collagen deposits (asbestos worker). 


Fig. 3—Alveolar wall damage without loss of capillaries. 4, preservation of alveolar wall 
capillaries despite copious deposition of collagen along central plane around asbestos fibers 
(asbestos worker). B, multilayered capillary plexuses causing thickening of the alveolar wall 
(iron welder). 
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Fig. 4—Damage to small blood vessels. A, proliferation of the vascular intima with partial 
occlusion of the lumen (tale worker). B, cellular infiltration around fibers penetrating the 
muscularis (asbestos worker ). 


Fig. 5—Infiltration of perivascular lymphatics. 4, plasma cell and macrophage accumulation 
around a venule (granite worker). B, lymphocytic collar around arteriole occupying adventitial 
lymphatic plexuses (uranium worker ). 
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Fig. 6.—Perivascular deposits and reaction. 4, quartz and iron deposited around a blood 
vessel with abundant collagen reaction (magnetite miner). B, cellular accumulation about a 
blood vessel without collagen formation or vascular stenosis; cells supported by reticular network 
(gypsum worker). 


Fig. 7—Cumulative perivascular deposits. A, abundant deposition of iron around small artery, 
with some collagen reaction and partial occlusion of the lumen (iron miner). B, massive carbon 
deposit around artery, with partial obliteration of lumen and enlargement of one of the vasa 
vasorum (coal miner). 
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Fig. 8.—Vascular deposition of fibrous dusts. 4A, chrysotile bodies within the adventitia of a 
small artery (asbestos worker). B, tremolite bodies within intima of medium-sized blood vessel 
(talc miner ). 


Fig. 9—Mural damage in small blood vessels. A, intimal proliferation and distortion, with 
fatty infiltration of muscularis (asbestos worker). B, deposits of collagen intervening between 
muscle layers of artery (quartz exposure). 
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Fig. 10.—Obliteration of blood vessels. 4, vessel, trapped within area of vascular granulation 
reaction, undergoing endarteritis obliterans (asbestos worker). B, almost completely obliterated 
vein, displayed within an area of diffuse fibrosis by means of Weigert’s stain (quartz-rock miner ). 


Fig. 11—Relationship between blood vessels and nodules. A, blood vessels trapped within 
collagen sheath; cristobalite reaction (foundry worker). B, blood vessel surviving within center 
of silicotic nodule (magnetite miner ). 
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Fig. 12—‘“Nutrient artery” simulation in developing silicotic nodule. A, silicotic nodule with 
prominent blood vessel in zone of fibrocellular reaction (flux-calcined diatomite worker). B, 
elastic skeleton of occluded blood vessel, demonstrated by Weigert’s stain, within cortical zone of 
silicotic nodule (quartz-rock miner). 


Fig. 13.—Effect of proximity of nodules on vessels. A, abortive nodule fuses with collagenous 
bundles of adventitia of vein (asbestos worker). B, silicotic nodule, abutting on blood vessel, 
thickens proximal walls but does not disrupt elastica externa (quartz and cristobalite exposure). 
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Fig. 14.—Influence of silicotic nodules on adjacent blood vessels. A, irregular thickening of 
blood vessel walls where they lie in juxtaposition to a mass of silicotic nodules (granite worker). 
B, diffuse thickening of a blood vessel wall opposite a hilar node (quartz-rock miner). 


Fig. 15.—Pulmonary atheroma in silicosis. 4, atheromatous plaque overlying hypertrophic 
muscularis; cor pulmonaie (quartz-rock miner). B, atheroma opposite an adherent silicotic 
nodule; no cor pulmonale (quartz-rock miner). 
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and 

JOHN B. HAZARD, M.D., Cleveland 


Our forebears as well as our confreres have 
taught us what the clinical and roentgeno- 
graphic findings should be in occupational 
diseases of the lungs. This acquisition of 
knowledge has been particularly facilitated by 
the past McIntyre Research Foundation Con- 
ferences and the Saranac Symposia. 

We are, however, also learning that certain 
nonoccupational diffuse pulmonary lesions 
will mimic those of industrial cause, and it 
is common for the person having pulmonary 
disease to attribute the condition to an en- 
vironmental cause. Furthermore, we do not 
believe that one should be too critical of the 
physician who, through lack of training and 
experience in pneumoconioses, may also first 
think of the possibility that the lesion is of 
occupational origin. This impression is espe- 
cially likely in those cases where all diag- 
nostic studies by routine methods have failed 
to establish an accurate diagnosis. 

We have found that a surgical lung biopsy 
is indicated and usually can establish the diag- 
nosis in these borderline cases. This pro- 
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cedure usually will prove or disprove an occu- 
pational relationship when multiple methods 
of study are employed. In our hands, needle- 
aspiration biopsy and scalene node biopsy 
have not been of significant aid in this par- 
ticular group of cases. A biopsy of the sca- 
lene area can only reveal the disease that will 
reflect itself in the scalene lymph nodes. 
A significant number of diffuse pulmonary 
diseases do not show an affinity for the sca- 
lene or any other lymph node group. We 
believe that a surgical procedure like scalene 
node biopsy that offers less than a 50% yield 
in diagnosis does not approach the ideal in 
efficiency. 

We have employed a technique of surgical 
lung biopsy for a period of five years at the 
Cleveland Clinic which has permitted study 
of the lung disease by histopathologic, chem- 
ical, and bacteriologic analyses. Although 
the method is by no means an innocuous pro- 
cedure, it is considerably less radical than the 
conventional exploratory thoracotomy and 
may be employed in seriously ill patients who 
are handicapped by a very low pulmonary 
reserve, 

METHOD 

The patient is given an appropriate pre- 
operative sedative ; a barbiturate routinely is 
employed. The pharynx and pyriform sinuses 
are treated by topical cocaine (4%) by the 
same technique as is used for bronchoscopic 
examination. An endotracheal tube is in- 
serted between the cords, and the positive- 
pressure system is applied; oxygen and ni- 
trous oxide (50-50 combination) routinely 
are employed. Supplementary anesthesia is 
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VALUE OF LUNG BIOPSY 

obtained by intravenous administration of 
thiopental (Pentothal) sodium in very small 
doses and a procaine (1%) chest-wall block 
over the operative site. Emphasis is placed 
on employment of the lightest possible level 
of anesthesia. 

The site of incision is plotted according 
to the distribution of disease as it appears on 
the roentgenogram. Usually an anterior ap- 
proach is employed with the patient in the 
supine position. After the skin has been pre- 
pared, the area is blocked with procaine 
(1%) injected intercostally and in line with 
the proposed incision. The commonest ap- 
proach is through the anterior chest wall on 
either side via the fourth or fifth interspace. 
It is not necessary to remove either rib or 
cartilage. A small rib spreader is employed 
for limited retraction, and the pleural space is 
inspected. The lung may be retracted into 
the wound, assisted by positive-pressure anes- 
thesia, and a representative area of the dis- 
ease is selected. The biopsy specimen is ob- 
tained after placing a row of hemostatic 
sutures around the selected site. Under ster- 
ile conditions the resected specimen may be 
divided into two parts and placed in glass 
tubes for study in the departments of pathol- 
ogy and bacteriology. An additional specimen 
is removed in selected cases if chemical anal- 
ysis is desired. We have found that prelim- 
inary study utilizing frozen-section technique 
has improved our results. Although the diag- 
nostic accuracy may not be as great as in 
more conventional methods, the adequacy of 
the sample can be assessed immediately and 
often other methods of study indicated. After 
the sample has been removed, care is taken 
to secure all air leaks and bleeding points in 
the lung bed. The lung is reexpanded, and 
the incision is closed in layers, using a simple 
form of closed catheter drainage. 

The tissue specimens are studied further 
in the departments of pathology and bacteri- 
ology, and in the majority of cases the infor- 
mation obtained from these examinations will 
suffice to establish the diagnosis. However, 
in those cases in which an occupational dis- 
ease (e. g., berylliosis) is suspected, a speci- 


men also is chemically analyzed. The third 
method of analysis may require a fairly gen- 
erous biopsy specimen of diseased lung: 
ideally, a specimen weighing more than 5 gm. 
should be taken and kept in a chemically 
clean glass container.* 


RESULTS 

During the past five years, lung biopsy has 
been performed in 66 patients at the Cleve- 
land Clinic.+ 

In 26 of these patients (40% ), a question 
of occupational disease arose on the basis of 
history, roentgenologic findings, or a com- 
bination of the two. In 11 patients, the lung 
biopsy finally proved a diagnosis of an occu- 
pational disease, as shown in the following 
Tabulation : 


Patients, 
Diagnosis No. 
3 


It should be mentioned that in each of the 
berylliosis cases the diagnosis was suspected 
clinically before lung biopsy. However, since 
in each instance the patient represented a 
single case from his or her company or in- 
dustry, it was our considered opinion that the 
diagnosis should be established beyond the 
shadow of medicolegal doubt by both histo- 
logic and chemical means. Beryllium patch 
tests were positive in each case. 

Following are reports of two cases that are 
representative of those patients having occu- 
pational disease. 

Case 1.—A 46-year-old man was first seen with 
a problem unrelated to the lungs. The roentgen 


* Chemical analyses of the biopsy specimens in 
this series were performed in the Kettering Labo- 
ratory, University of Cincinnati College of Medi- 
cine. 

+ One mortality only resulted from this pro- 
cedure. There is considerable doubt as to whether 
the death should be ascribed directly to the surgical 
intervention, as the patient was actually being kept 
in hospital for another reason and died of a coronary 
thrombosis. We do not believe this to have been a 
complication of surgery. None of the remaining 65 
cases showed any postoperative morbidity or de- 
ferred complications. 
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Fig. 1.—A, roentgenogram of chest of Case 1, showing generalized, fine nodulation. Prior 

, diagnoses had always been silicosis, although the patient’s only occupation of note had been as a 

welder. B, siderosis of lung. Numerous macrophages containing a mixture of anthracotic pigment 
and finely divided iron particles. Iron stain; -K 130. 


examiration of the chest showed a generalized, rela- 
tively fine, nodular infiltration. The patient brought 
with him x-ray films and reports that indicated that 
his condition had been diagnosed as silicosis for 
many years. The only history of silica exposure 
which could be obtained was of only a few months’ 
duration and not of high concentration. For 25 
years, his primary occupation had been welding, and 
he had never worn any protective device. The exami- 
nation revealed no evidence of impairment of pul- 
monary function or of disability. The roentgenogram 
is shown in Figure 1A, and the lung biopsy speci- 
men, confirming the clinical impression of siderosis, 
is shown by photomicrograph in Figure 1B. 


Case 2.—A 36-year-old man was seen because of 
a chest x-ray abnormality that had been noted one 
year previously on a routine mobile-unit x-ray 
examination and that had remained unchanged. For 
approximately one and one-half years he had noted 
a decrease in effort capacity and the onset of a rela- 
tively nonproductive cough. The history was other- 
wise irrelative other than from the occupational 
standpoint. The significant feature of the latter was 
a relatively minor exposure three years previously 
to beryllium oxide which was being used in ceram- 
ics work with his company. The occupational his- 
tory was otherwise negative. According to the pa- 
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tient and his employer, 25 other employees had had 
much more contact with the beryllium oxide than 
had the patient, but they had experienced no symp- 
toms and had shown no x-ray abnormalities. The 
findings on examination of the patient were essen- 
tially negative, with the exception that the chest 
film showed diffuse, fine, granular nodulation (Fig. 
2A). The lung biopsy revealed a typical histologic 
picture of chronic berylliosis, as shown in Figure 
2B. The patch tests to beryllium compounds were 
all positive. Chemical assay of the lung biopsy speci- 
men revealed a significant amount of beryllium. The 
patient was capable of light work and has remained 
in his employment. As he was not significantly dis- 
abled and there was no evidence that the disease 
would progress to that stage, steroid therapy was 
believed to be unjustified. The patient’s subsequent 
course has been good, with spontaneous recovery 
from symptoms. Within the past year, more than 
two years after initial examination, the x-rays show 
an essential return to normality, as indicated in 
Figure 2C. 


In contrast to the above occupational dis- 
ease results, a presumptive diagnosis of occu- 
pational disease was disproved by lung biopsy 
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in 15 cases, as shown in the following Tabu- 
lation: 


Patients, 


Presumptive Diagnosis No. 
Suggestive exposure history.................. 3 
Suggestive roentgen-ray picture.............. 6 
Suggestive exposure history and roentgen- 


An example of each of these categories is 
illustrated in the following case reports. 


Fig. 2—A, roentgenogram of chest of Case 2, 
showing fine, generalized, granular nodulation. Ex- 
posure in past to beryllium oxide in ceramics work. 
No problem in fellow workers. B, berylliosis of lung. 
\lveolar membrane diffusely distended by granu- 
lomas composed chiefly of macrophages and giant 
cells; a marginal lymphocytic infiltration is present. 
Hematoxylin and eosin; x 160. C, follow-up more 
than two years later, showing spontaneous clearing 
of the roentgen-ray lesion of berylliosis. 


Case 3.—A 48-year-old man was seen because of 
symptoms of cough, progressively worsening short- 
ness of breath, decrease in appetite, and a 20 Ib. loss 
in weight during the previous six to eight months. 
The examination was negative with the exception of 
the roentgenogram of the chest which showed a bi- 
lateral diffuse lesion (Fig. 34). All standard diag- 
nostic studies failed to provide a satisfactory basis 
for diagnosis. Both the patient and the physician 
who had been caring for him believed that the pa- 
tient’s condition was a result of his occupation, 
which for several years had been working with vari- 
ous chemicals. We did not believe that the patient’s 
problem was related to his occupation. However, be- 
cause a definite diagnosis had not been established 
by other means, a lung biopsy was performed. As 
shown in Figure 38, the biopsy revealed the con- 
dition to be sarcoidosis. The patient’s subsequent 
course generally has been favorable. 

Case 4.—A 42-year-old man was seen with the 
presenting complaints of a relatively nonproductive 
cough and progressive shortness of breath of one 
year’s duration. The latter symptom had incapaci- 
tated him from his work. The occupational history 
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Fig. 3.—A, roentgenogram of chest of Case 3, showing diffuse infiltration. Occupational his- 
tory felt by some to be significant. Lung biopsy disproved. B, healing sarcoidosis of lung. Many 
interstitial granulomas composed predominantly of macrophages and giant cells. In areas the 
granulomas are surrounded by dense collagen. Hematoxylin and eosin; x 100. 
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Fig. 4—A, roentgenogram suggestive of a pneumoconiosis. Biopsy disproved. B, fibrosing 
interstitial pneumonitis. Alveolar walls are markedly thickened by an accumulation of lympho- 
cytes and plasma cells. In addition fibrosis is present focally and diffusely. Compressed alveoli 
contain numerous macrophages. Hematoxylin and eosin; x 160. 
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Fig. 5—A, roentgenogram of chest of 54-year-old 
man, employed for 35 years in glass industry, show- 
ing diffuse, fine, nodular lesion. Biopsy revealed 
“miliary” metastatic carcinoma. B, secondary carci- 
noma of lung. Atypical glandular elements in alveoli 
and lymphatic 
x 130. 


spaces. Hematoxylin and eosin; 


Fig. 6.—Roentgenogram showing asymptomatic 
diffuse lesion suggestive of a pneumoconiosis in a 
52-vear-old housewife. Biopsy revealed primary lung 
cancer (multifocal 


bronchiologenic carcinoma, 


adenocarcinoma in cell type). Also called adeno- 
matosis or alveolar cell carcinoma. 


was multiple dust exposures, but they were believed 
to be of insufficient amount during any one employ- 


ment to account for the roentgen-ray abnormality, 
as shown in Figure 44. The lung biopsy revealed 
the microscopic picture of a nongranulomatous, 
fibrosing, chronic interstitial pneumonitis of the so- 
called Hamman-Rich syndrome, as shown in Figure 
4B. The patient died six months after initial ex- 
amination. 

CAseE 5.—A 54-year-old man was seen with the 
presenting complaints of a progressive cough, short- 
ness of breath, anorexia, and a 25 Ib. loss in weight, 
of eight months’ duration. The history was other- 
Wise noncontributory, other than that the patient's 
life-long occupation had been with a glass company. 
Analysis of his jobs with the company appeared to 
indicate that they had not entailed a significant de- 
gree of silica exposure. However, the patient and 
his family thought that the roentgen-ray picture 
(Fig. 54) was the result of his employment. Exam- 
ination was otherwise negative. The lung biopsy 
showed no evidence of silicosis and revealed that the 
diffuse, fine nodulation in his lungs was metastatic 
adenocarcinoma (Fig. 58). The primary site was 
never determined. The patient died one year after 
initial examination, and autopsy was not obtained. 

It can also be mentioned with reference to 
roentgen lesions simulating pneumoconioses 
that there were also five cases in women in 
which the x-rays were suggestive, although 
in each case the woman was a housewife who 
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had a completely negative occupational his- 
tory. The following case report is an example 
of this group. 


Case 6.—A 52-year-old woman was seen because 
of the finding on a routine mobile-unit chest x-ray 
of the diffuse nodulation, as shown in Figure 6. She 
Was experiencing no symptoms of any kind. The 
occupational history was negative; she was a house- 
wife. Routine examinations failed to indicate a def- 
inite diagnosis. The lung biopsy revealed the pa- 
tient’s condition to be primary lung cancer in the 
form of multifocal peripheral bronchiologenic carci- 
noma (adenocarcinoma in cell type) or so-called 
pulmonary adenomatosis or alveolar cell carcinoma. 
The patient died of her disease six months after ini- 
tial examination. 
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SUMMARY 

Surgical lung biopsy is a direct approach 
to the diagnosis of diffuse pulmonary disease 
where routinely used studies fail to arrive at 
a diagnosis. It is a particularly important 
procedure in borderline cases where it is oth- 
erwise impossible to prove or disprove the 
At the 
Cleveland Clinic, surgical lung biopsy has 


presence of an occupational disease. 


established a diagnosis of occupational dis- 
ease in 11 such borderline cases. During the 
same period of time, surgical lung biopsy has 
disproved a presumptive diagnosis of occupa- 
tional disease in 15 cases. 
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Occupational Ch in Whrevs 


A Review of Progress in the Union of South Africa 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N.Y. 


INTRODUCTION 

From the purely scientific point of view, 
the influence of engineering and medical 
intervention on the course of occupational 
chest diseases among miners in the gold 
mines of the Union of South Africa is of 
paramount importance because of the magni- 
tude of the mining venture, the stupendous 
numbers of men involved, the determined 
governmental efforts to prevent disease, and 
the long period over which this project has 
been in operation. 

The popular misconception is that these 
gold mines are at Johannesburg. It is true 
that there still are some great mines at this 
city, but they have long since been dwarfed 
by numerous mines strung out along the Wit- 
watersrand Reef in the Transvaal, over an 
arc of about 180 miles from Heidelberg in 
the east to Klerksdorp in the southwest. 
Some of the more fabulously wealthy mines 
are at the periphery and have been in opera- 
tion in recent years only. In addition to this 
central series of mines, a new and promising 
gold field has in the past decade been mush- 
rooming in the Orange Free State at a dis- 
tance of a little more than 150 miles south 
of the Witwatersrand. It is not known yet 
how extensive this field will prove to be, but 
rumor has it that it may eventually eclipse 
the Witwatersrand in its gold and uranium 
yield. It is to be hoped that its disease- 
provoking potential will be brought under 
control from the start. Not to be forgotten 
also is the eastern Transvaal (Barberton 
area) where gold was first discovered and 


Recorded for publication April 6, 1955. 
Director, The Saranac Laboratory. 


mined in South Africa. Gold is mined on 
a smaller scale also in other isolated localities, 
and in the Rhodesias numerous mines have 
been developed. 

Another popular misconception, which 
needs correction, is that gold occurs in the 
form of nuggets. I doubt whether any but 
a few miners ever see nuggets of any great 
size today. They were common in the earlier 
years of superficial mining, but today most of 
the gold is recovered from a banket and 
occurs in a form which can be readily missed 
by the inexperienced. Extraction of the gold 
involves arduous toil, power crushing and 
milling operations, and elaborate and expen- 
sive chemical procedures. The composition 
of the banket, apart from its precious metal 
content, is approximately as follows: quartz, 
80% -90% ; 10%-20% ; 
1%-5%. 

Not only are the mines numerous and 
spread over a large area, but they are also 
mostly extremely deep. Depths in excess of 
7000 ft. are quite common, and in some mines 
10,000 ft. levels are being worked. Plans are 
afoot to descend even farther, but the sharp 
geothermal gradient is proving a discourag- 
ing obstacle. 


silicates, pyrites, 


Long-term governmental studies on the 
effects of environmental hazards on the per- 
sonnel operating these mines have been made 
for the scheduled mines only; but most of 
the studies on the Negro laborers are ex- 
tremely inadequate for the reason that these 
men work at the mines transiently and inter- 
ruptedly and because of the vast numbers 
employed, the excessive annual turnover, and 
the insufficiency of medical, technical, and 
clerical personnel available to cope with the 


problem. Less than 2% of the Negroes are 
radiographed annually by the Bureau 


from the point of view of silicosis. All are, 
however, subjected to 35 mm. radiography 
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at a central recruiting station before entering 
the mines, and they are studied periodically 
at these mines by Mine Medical Officers who 
are responsible to the Bureau as well as to 
the mine managements. 

The results of these studies have been 
recorded in triennial, annual, and special 
reports of the Silicosis ( Miners’ Phthisis) 
Medical Bureau, Silicosis ( Miners’ Phthisis ) 
Board, and the Government Mining Engi- 
neer as well as in independent or special 
publications by the Government Commis- 
sions, Mining Associations, and Medical 
Officers. In presenting this review of the 
trend of progress which has been achieved 
in the suppression of the occupational chest 
diseases, the data accumulated in those re- 
ports will be extensively relied on. The 
review will seek to emphasize the historical 
and statistical trends and will cover observa- 
tions which extend over a period of about 
60 years in four phases, which may be epi- 
tomized as those of recognition, enlighten- 
ment, stasis, and reaction. 


HISTORICAL PHASES 


Recognition of the Problem.—With this 
period everyone is more or less familiar 
already. The first decade following the dis- 
covery and incipient mining of gold was not 
too disastrous from the point of view of chest 
diseases, as much of the mining was in the 
nature of open-pit and quarry working and 
a search for nuggets while power-drilling 
tools were not yet creating the dust clouds 
experienced later. Nor had_ tuberculosis 
made its impression as an infecting agent 
on any significant scale, the earlier gold 
diggers being frequently of indigenous stock 
and South Africa was at that time a healthful, 
semirural community. 

The lure of gold, however, soon brought 
to the Witwatersrand foreigners from all 
walks in life, and with them came the Myco- 
bacterium tuberculosis. The superficial de- 
posits were rapidly exhausted, and the finan- 
ciers were constrained to embark on schemes 
for deeper and larger mines. So rapidly did 
the mines grow that at one stage Chinese 
coolies were imported to swell the labor 
34 
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force. They were at a later stage repatriated, 
and it has been a medical mystery what their 
fates were in respect of silicosis or tuber- 
culosis. 

The next decade brought with it the Anglo- 
Boer war for the possession of the mineral 
wealth of South Africa. In its wake and 
following the first flush of military conquest 
came a growing awareness that for many 
the price of gold was death. This problem 
was soon recognized not only in South Africa 
but also in England, where returning miners 
frequently did not survive long enough to 
enjoy to the full their, by British standards, 
fabulous savings. Some, of course, went 
home both sick and broke. 

Not all the labor struggles in those first 
10 years of the century were on account of 
politics or wages. There was growing restless- 
ness and a crescendo clamor for an inquiry 
into the cause of unexplained disability and 
death. Government commissions took over 
and defined the condition of miners’ phthisis 
as a dual disease involving both silicosis and 
complicating tuberculosis. The condition be- 
came certifiable as a compensable disease, 
and virtually every medical practitioner on 
the Witwatersrand of the pioneer group had 
some share in pronouncing indisposed or 
dead miners as suffering, or as having suf- 
fered, from this condition. Not all who were 
thus certified had the disease at that time, 
and a few such are yet alive today. There 
were no proper x-ray facilities universally 
available, and each physician had notions as 
to what should rate as pathognomonic cri- 
teria. The physicians did not always follow 
the same standards, and there was no reason 
why they should have done so, as few knew 
with any measure of certainty what it was 
all about. 

Enlightenment.—The preceding phase of 
confusion and legalized medical haphazard- 
ness was brought to a close with the estab- 
lishment of the Miners’ Phthisis Bureau in 
1914 at the suggestion of Brig. A. G. Oren- 
stein. The purpose of the Bureau was to 
standardize procedures and diagnostic cri- 
teria, to take certification of silicosis and 
tuberculosis victims out of the hands of in- 
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CHEST DISEASES IN GOLD MINERS 
terested parties, thus also eliminating court 
actions, and to conduct research on the pre- 
valence, nature, causation, and prevention of 
these diseases. Under the able direction of its 
first Chairman, Dr. W. Watkins-Pitchford, 
the Bureau rapidly brought cosmos out of 
the medicolegal chaos. 

Meanwhile, engineering research had made 
great strides, chiefly under the stimulus of 
the Chief Government Mining Engineer, Sir 
Robert Kotzé, best remembered today as the 
inventor of the konimeter. Adequate proof 
had by then been produced to suggest a 
quantitative relationship between extremes 
of atmospheric dustiness and the prevalence 
of miners’ phthisis. efforts were 
consequently instituted to combat the factors 


Heroic 


which tended to engender dust. This prob- 
lem was, of course, continually aggravated 
by the ceaseless growth of the mines, the 
increasing numbers of personnel involved, 
and the greater rate at which excavation 
could be effected and gold extracted by means 
of improved pneumatic drills and high ex- 
plosives and the elaboration of ever more 
powerful and efficient crushers and stamp 
mills. The Government enforced the applica- 
tion of safety precautions through the various 
Mining Acts and the Regulations under them. 
Engineers responsible to the Chief Govern- 
ment Mining Engineer ensured that the 
recommended hygiene procedures were car- 
ried into effect and the regulations properly 
observed. 

The Bureau’s contribution to progress in 
this phase of enlightenment comprised pri- 
marily the rapid elimination of cases of tuber- 
culosis, tuberculosilicosis, and advanced sili- 
cosis and disability from the ranks of active 
miners. By virtue of its control over the 
miner's working permit, which it could either 
issue or revoke, and because it enjoyed the 
status of a compensation tribunal, from whose 
decisions financial benefits flowed automati- 
cally, the Bureau had absolute power in con- 
trolling who could work in the mines. Besides 
this, the Bureau commanded the best avail- 
able x-ray facilities and pathology labora- 
tories. Large numbers of infected cases were 
thus weeded out rapidly from the start. 


Through its function of screening all recruits, 
the Bureau could ensure that no new cases of 
tuberculosis entered the industry, and 
through its system of semiannual, periodical, 
physical and radiographic examinations, a 
careful check could be kept on all working 
white miners with the object of finding the 
incipient disease. 

It is possible that the Bureau, preoccupied 
as it was with the prevalent more serious 
grades of these diseases, was at first too 
strict in its interpretations of x-rays in the 
Within 10 


years from its creation, the government (a 


incipient or less severe cases. 


recent new one) consequently agreed to the 
creation of an Appeal Board, and the concept 
of what constitutes a scintilla of silicosis was 
formally defined by the Minister of Mines, 
who ruled that, though scintillas may be 
ignored, the benefit of medical doubt should 
invariably be accorded the miner. The legal 
stages of silicosis had by then already been 
expanded to embrace not only a primary 
and a secondary but also an anteprimary 
stage. 

This phase was also 
highlighted by 
gordato, F. W. 
more particularly. 


of enlightenment 
the researches of A. Mavro- 
Simson, and A. S. Strachan 
Watkins-Pitchford, who 
had held down the dual posts of Chairman of 
the Bureau and Director of the South African 
Institute for Medical Research, was suc- 
ceeded on retirement by his able first assis- 
tant, Dr. L. Sir Spencer Lister, 
the new Director of the Institute for Medical 
Research, had meanwhile contributed valu- 
able help to the industry through the elabora- 
tion of a vaccine to immunize the Negro 
laborers against the prevalent and frequently 
fatal pneumonia 
which decimated the ranks of new recruits 
brought in from distant native territories. 
By now the South African group of re- 
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Pneumococcus mucosus 


searchers had attracted so much attention 
through their publications and the success of 
their campaign against mining diseases that 
Johannesburg became a veritable mecca for 
those who sought guidance in the control of 
the occupational chest diseases. The Bureau's 
status as a leading world authority was con- 
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firmed through the fact that the 1930 Inter- 
national Conference on Silicosis was held 
there. Dr. L. U. Gardner, of Saranac Lake, 
was a delegate to this Conference. 


Stasis —All was not, however, well on the 
home front even in the midst of triumph. 
The Bureau had gained the victor’s laurels 
and soon appeared to be resting on them. 
The tempo of research declined. By com- 
parison with what had been happening in 
the previous two decades, miners were sur- 
viving and working longer. The general pro- 
duction rate for silicosis at the time of the 
Conference had dropped to 13.79 per 1000 
(from 27.87 per 1000, 10 years earlier). The 
average age at first certification had risen 
to 44.7 years, as compared with 39.5 years 
in 1920, and the victims had managed to 
perform an average of 157 months of work, 
as compared with a mere 116 months 10 
years before. The average dust counts in the 
mines had also been reduced to 284 particles 
per cubic centimeter (about 7,000,000 par- 
ticles per cubic foot). Predictions were that 
silicosis would soon be eliminated. Tuber- 
culosis and tuberculosilicosis were already 
regarded as properly under control. Over 
the 10-year period 1920 to 1929, the number 
of new cases of tuberculosis annually dis- 
covered among white miners who had no 
silicosis had been reduced from 44 to 32 (i. e., 
attack rates of 322 and 207 per 100,000, re- 
spectively). The production rates for tuber- 
culosis combined with silicosis had also been 
reduced from a high of 163 per 100,000 in 
1920 to a mere 12 per 100,000 in 1930. In 
the two years preceding 1919, the new case 
rate had been 860 and 852 per 100,000, re- 
spectively.’ This seemed like terrific progress 
and truly was. It seemed as though the an- 
swer to the problem had been found and that, 
if the Bureau merely continued along the 
course which had been set for it and the engi- 
neers persevered in ensuring the good house- 
keeping which reputedly had been achieved, 
the end of the problem would soon be in sight. 
This became the official point of view, and 
those who protested that men were never- 
theless being disabled and yet were dying 
ran the risk of being viewed as meddlers 
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and malcontents. It became the duty of the 
departmental officials to maintain the status 
quo while a constant political struggle went 
on all about them. The Bureau’s findings 
were under constant criticism. Scarcely any 
of the miners and few of their family physi- 
cians came to have confidence in the Bureau, 
which in many quarters was regarded as “an 
instrument of capitalism” designed to keep 
the men working whether they were diseased 
or not. Not even those who had been de- 
clared silicotic or tuberculotic were all in- 
variably grateful, many protesting that they 
were certified too late. 

Under constant pressure from the public 
the government eventually in 1946 revised 
and consolidated the Miners’ Phthisis Acts 
and made this probably the most liberal of 
all comparable legislation in the whole world.* 
No legislation is without flaws, and there 
were errors also in the new Silicosis Act, 
some of which were amended in successive 
years. It was perhaps a mistake, however, to 
incorporate the Bureau into the civil service. 
The intention was, of course, good, but the 
results were poor. Because of the stratifica- 
tion of seniority and authority apparently 
necessary to any civil service, the Bureau 
could no longer attract the type of skilled 
personnel needed for its gigantic and special- 
ized task. As the Bureau was, in a sense, also 
a cul-de-sac within the service, the men who 
joined it found that they could not readily be 
promoted to other departments. There was no 
incentive for younger personnel to stay, and 
the turnover of the better men was calami- 
tous. The dissatisfaction of the miners slowly 
mounted to organized political opposition. 
Self-criticism by members of the Bureau 
could not ward this off, which was most dis- 
couraging to those who perceived the need 
for research. The Bureau seemed to outsid- 
ers to be in the doldrums. Officially, how- 
ever, there was nothing to worry about, 
as certification rates for silicosis and tuber- 
culosis were continually diminishing, sug- 
gesting that all was fair. 


Reaction —Relief came in 1949 when a 
new government acceded to the pleas of the 
miners that if silicosis and tuberculosis were 
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not the cause of disability and death among 
them some other mysterious disease of occu- 
pational origin was surely decimating their 
ranks. 
under the chairmanship of Dr. Peter Allan, 
was appointed to inquire into “the occurrence 


A Governor General’s Commission, 


of certain diseases, other than silicosis and 
tuberculosis, attributable to the nature of 
employment in and about mines.” Accidents 
were, of course, excluded, as they fell under 
the purview of the Department of Labor. 
The Commission inquired into environmental 
factors, such as ventilation, mine dust, mine 
water, blasting fumes, heat, humidity, bac- 
terial content of mines, and work stresses. 
It also examined claims concerning the pre- 
valence of heart disease, arthritis and rheu- 
matism, dermatitis and other skin diseases, 
debility, nephritis, parasites, lung cancer, 
bronchitis, emphysema, and the psychological 
consequences of mining work.* 

While the Commission did not find over- 
whelming prevalence of most of these dis- 
eases, it did conclude that “there is strong 
presumptive evidence that there is a dis- 
abling respiratory condition occurring among 
miners, which is not recognizable by the 
usually accepted means of detecting the 
earliest specific signs of silicosis and which 
may become permanent.” It recommended 
legislation to provide for the inclusion of 
such “pulmonary disability” in the Silicosis 
Act as an independent new compensable 
entity, and it recommended that the Bureau 
should be placed in charge of diagnosis and 
certification of this condition, adding the pro- 
viso that “the methods of medical examina- 
tion at the Silicosis Medical Bureau would 
have to be modified.” 

While the miners welcomed the finding of 
the Commission in respect to pulmonary dis- 
ability, they repudiated the suggestion that 
the Bureau be allowed to administer the 
necessary legislation and pressed for an 
inquiry. 

Once more the government acceded. A 
Governor General’s Commission, under the 
chairmanship of a judge of the Supreme 
Court, Mr. D. O. K. Beyers, undertook this 
delicate task in 1951. The result was un- 


favorable tor the Bureau. Reorganization 
was recommended and put progressively into 
effect by the government.* 

After the Beyers report had been com- 
pleted, pulmonary disability was incorpo- 
rated into the Act (1952) as a 
separate medicolegal entity, and certification 
and research concerning its nature and prev- 


Silicosis 


alence were entrusted to a special com- 
mittee, whose officers were no longer re- 
quired to be members of the civil service.° 
By 1954 more than 700 new cases of such 
pulmonary had been identified 
among white miners and about 100 cases 
among the Negro laborers. 


disability 


One of the effects, however, of the creation 
of this committee was that its much more 
thorough methods of investigation revealed 
that many pulmonary-disability applicants 
(especially Negroes) suffered instead from 
silicosis or tuberculosis, which had not pre- 
viously been detected by the Bureau. The 
3ureau, which was meanwhile undergoing 
reorganization, succeeded in finding these 
diseases in ever larger numbers, and between 
1952 and 1954 certification of new cases of 
silicosis increased from a little more than 
200 per year to more than 1000 among white 
miners alone. Tuberculosis and tuberculosis 
combined with silicosis, which had by 1952 
virtually become negligible entities, were 
found in more than 70 white miners in the 
year 1953-1954. 
ditions found in such large numbers of men 
not previously declared to be affected by 
occupational diseases, but in those who in 
previous years had been declared silicotic or 
tuberculotic the stage of the disease was 
rapidly upgraded. Thus the rate of monthly 
reclassification of first-stage silicotics to the 
second stage (white miners only) increased 
at accelerating pace from less than 30 per 
month to more than three times this rate. 
Second stagers became upgraded to the third 
stage from a rate of less than 5 per month 
in 1952 to more than 60 per month toward 
1954. During this period tuberculosis was 
demonstrated as a clinical complication of 
silicosis in more than 40 cases within a single 
year. This was not unexpected, as large 
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numbers of silicotics were previously known 
to have tuberculosis at death, but by 1952 
the condition had become a rarity as a diag- 
nosis during life. 

The figures for Negro laborers underwent 
similar drastic revision. During 1953-1954 
more than 1700 new cases of silicosis were 
demonstrated, more than 1100 new cases of 
tuberculosis were discovered in working 
Negroes, and tuberculosis and silicosis were 
detected in combination in an additional more 
than 800 cases. This meant that the annual 
production rates of these 


almost trebled. 


diseases were 

These stupendous results confirmed the 
suspicion of the miners that all had not 
previously been well. 

A last chapter in the phase of reaction, 
and which, it is to be hoped, may presage 
a phase of reconstruction, has been the ap- 
pointment of a further Governor General’s 
Commission of Enquiry under the chairman- 
ship of Dr. S. Professor of 
Radiology at the University of Pretoria. The 
purpose of this Commission is to recommend 


Oosthuizen, 


a more efficient type of organization of the 
Medical Bureau, to revise the legal defini- 
tions of silicosis, pulmonary disability, and 
tuberculosis, and to inquire concerning the 
need for intensified research concerning the 
causation, nature, and prevention of these 
diseases. It is particularly hoped that the 
Commission’s report on the latter issue will 
be favorable, for only through research and 
more research can there be any hope of 
finding answers to the extant problems con- 
cerning the occupational chest diseases. 

South Africa certainly has a great deal at 
stake. Apart from the personal wage loss, 
the discomfort and suffering, and the pre- 
mature death caused the victims, these dis- 
eases are a tremendous economic burden to 
the mines. Thus the outstanding liability for 
the mines in respect of compensation for 
these diseases has exceeded $150,000,000, 
and currently the mines are paying, in addi- 
tion, more than $10,000,000 per year in direct 
costs. To these figures must be added the 
vast sums expended annually on engineering 
hygiene measures and the capital which is tied 
38 
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up unproductively toward this end. These 
figures, moreover, reflect the state of affairs 
for only scheduled gold mines whose approxi- 
mate statistics are available. The impact on 
other mines is by no means known yet. 

It must be realized also that the rapid 
certification of such large numbers of men 
may have serious consequences not only on 
the earning capacities of the victims but also 
on the working efficiency of the industry 
The 


they service. Silicosis Act does not, 
however, prohibit white miners from continu- 
ing their employment in mines except 


when certified to be suffering from silicosis 
in the third stage, from pulmonary dis- 
ability in the second stage, or from tuber- 
culosis. All Negro laborers are, however, 
excluded on first certification. Many of the 
white miners continue in their jobs for the 
simple reason that they cannot readily obtain 
alternative surface employment. Many who 
do depart, with every firm intention never 
to return, nevertheless tend to drift back to 
the mines after variable periods. 

This medically deplorable state of affairs 
is due to the fact that the Silicosis Act has 
never truly attempted to “compensate” the 
affected men for wage loss or diminished 
working capacity but instead it pays a system 
of “benefits” which take no true cognizance 
of the financial loss incurred. The prophy- 
lactic purpose of the Silicosis Act is thereby 
often frustrated. On the other hand, the 
system has many advantages for certain 
persons. 


STATISTICAL TRENDS 


To facilitate recapitulation of the events 
of the past 40 years, certain features of these 
diseases have been graphically portrayed in 
Figures 1 to 7. 

Occupational Chest Diseases. — White 
Miners: The spectacular initial decline in 
the annual rate of production of silicosis, 
tuberculosis, combined with 
white miners well 
shown in Figure 1. In respect to both tuber- 
culosis and tuberculosis combined with sili- 
cosis, it should be pointed out, however, that 
the rates reflected in this chart do not repre- 
sent the total incidence of tuberculosis on the 


and silicosis 


tuberculosis among is 
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mines. The only cases included here are 
which for the 
time in miners who previously did not have 


those were discovered first 
silicosis. A tuberculous complication in the 
latter group has consistently been much 
higher, and in 1948 it was still Bureau ex- 
perience to find tuberculosis at death in the 
lungs of 21% of first-stage silicotics, while 
this rate more than doubled in second- and 
third-stage silicotics, being quite commonly 
a factor in the cause of death in the latter 
cases.” 

Having attained a comfortable all-time low 
of about 200 cases toward 1950, it is rather 
disconcerting to find that by 1954 the annual 
rate of certification had exceeded by three 
times the highest rate ever recorded at the 


time when pulmonary disease was previously 
present at its worst. Of the 789 cases cer 
among 15,000 


tified in 1917, for instance, 


l 
miners, 257 were in a stage equivalent to the 
382 were in the third 
stage. In the year 1953-1954, more than 770 
second-stage silicotics and more than 400 


second stage, and 


third-stage silicotics were discovered, though 
the total body of men from whom these 
numbers derive now exceeds 30,000. Against 
1917, 
1050 first-stage silicotics were 


150 new cases of silicosis found in 
more than 
discovered during the year 1953-1954. To 
these totals must be added the more than 
490 men certified as suffering from pul- 
monary disability in the first stage (equiva- 
lent to silicosis in the second stage) and the 
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more than 200 cases found to be suffering 
from pulmonary disability in the second 
stage (equivalent to silicosis in the third 
stage ). 

The question may be asked whether the 
Bureau was perhaps applying new standards 
of diagnosis or compelled by changes in the 
law to certify these diseases at such an alarm- 
ing 
the 
law 


rate. In the case of pulmonary disability 
latter stricture naturally applies, as the 
came into effect in 1952 only, but the 
criteria for neither silicosis nor tuberculosis 
had been altered since 1946; prior to this the 
wording in the legal definitions was slightly 
different, but there had been no intentional 
material relaxation in legal standards since 
1919, except in respect of second-stage sili- 
cosis certification, which was facilitated in 
certain instances since 1946. 

The answer, therefore, is to be found in 
the fact that the itself had com- 
menced to apply new diagnostic criteria in 
interpreting the existing definitions. This 


Bureau 
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reduces one to the conclusion that either 
the Bureau has recently become too lenient, 
now perhaps including disease at “the stage 
of imagination,” or else it previously had 
been “too strict,” failing to acknowledge the 
existence of established until un- 
reasonably rigid criteria had been complied 
with. On the latter assumption, a statistical 
interpretation would possibly be that cases 
now certified for the first time in such large 
numbers represent 


disease 


disease 
had been recognized only some time after 


persons whose 
the earliest detectable sign or the relevant 
degree of disability had first become mani- 
fest. The trends these curves, 
therefore, more truly represent annual certifi- 
cation rates rather than annual production 


shown on 


rates. At some future period when it has 
become known whether these trends are 
maintained or abruptly deflected and after 
belated certifications have been appropriately 
antedated, it should become possible to de- 
cide whether the curve of progress should 
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CHEST DISEASES IN GOLD MINERS 
be redrawn at a generally decelerated rate, 
as suggested in Figure 1. Clinical and 
autopsy experience tends to favor the latter 
prospect, for the disease at present diagnosed 
is not as florid a malady as it was in the 
varlier decades of the century, if only for 
the reason that tuberculosis now plays a less 
important role in the incipient stages. The 
recrudescence of tuberculosis and tuberculo- 
silicosis, shown in Figure 1, likewise does 
not mean a sudden spread of the infectious 
element but a prompter diagnosis. In other 
words, though these cases are now recorded 
as occurring in greater numbers than they 
were encountered during the past 30 years, 
the disease has not necessarily become more 
prevalent, and perhaps all it means is that 
the tuberculosis will no longer be reported 
for the first time after death. 

Occupational Chest Diseases. — Negro 
Laborers: In the case of the Negro laborers 
(Fig. 2), the production rates of all the pul- 
monary occupational diseases ( silicosis com- 
bined with tuberculosis at the outset 
cluded ) shown a but steady 
increase during the past 20 years. The termi- 
nal upsurges shown on the graphs may have 


ex- 


have slow 


explanations comparable to those given for 
white miners in the preceding paragraphs 
and reflect altered Bureau diagnostic stand- 
ards rather than epidemic fulmination of 
these diseases. The position is, however, 
materially more serious than among the 
white men for the reason that these annual 
production rates are virtually based on new 
groups of employees, the annual turnover of 
laborers being in excess of 80%. The total 
labor force exposed to mine dust had in- 
creased by about 20% during these years, 
about 300,000 (scheduled gold 
mines only). A discovery of more than 3750 


being now 


cases of occupational chest disease among 
300,000 men means an incidence but a fourth 
as high as among the whites. To this must, 
however, be added the fact that not all labor- 
ers were examined by x-ray and less than 
2% were screened by the Bureau itself. No 
accurate statistics are available concerning 
the average dust exposures of these men, but 
it is probable that the white miners spend 


three times as many years in the mines as 
do the Negro laborers before silicosis may 
be demonstrated. Tuberculosis, in particular, 
tends to be a young man’s disease among the 
Negroes. However, during this shorter pe- 
riod the Negroes are probably more directly 
in contact with dust, as they are truly the 
miners (drilling shoveling rock), 
whereas the white men assume the role of 
supervisors. 


holes, 


The steady increase in the total incidence 
of these diseases among the Negroes may 
possibly correlate with a tendency toward 
longer average periods of service performed 
by each Negro. 

The increasing prevalence of tuberculosis 
among the Negro laborers is a discouraging 
observation. It be noted that tuber- 
culosis has constantly been more prevalent 
than silicosis. The Chamber of Mines has 
taken pains to ensure that these men have 
adequate living quarters and well-balanced 
diets. Often, when first de- 
tected, the disease is far advanced. Many of 
the cases are of the fulminating primary type, 
with a rapid course. 


may 


however, 


But often advanced 
chronic disease may be discovered too late, 
and such cases are a source of infection to 
others. Not until all Negroes are periodically 
radiographed will 
posed of. 


this problem be dis- 

The tuberculosis situation assumes even 
more disastrous proportions when it is 
realized that facilities for the reception and 
treatment of these men are conspicuous by 
their paucity. Most of the tuberculotics are 
repatriated, with consequent risk of infecting 
others at their tribal villages. Others merci- 
fully die within a short time. Yet when 
modern therapy is instituted, many of these 
cases respond excellently. It is a travesty 
of medical idealism that all this should still 
be happening at a time when the campaign 
against tuberculosis has made such progress 
in the United States that Trudeau 
Sanatorium had to be closed for lack of 
patients. The new cases found among the 
gold miners of South Africa in any two- 
month period would fill this vacant Sana- 
torium. 


even 
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Effect of Duration of Service-—Progress 1948 are converted to per cent annual pro- 
in the campaign against silicosis is shown duction rates (Fig. 3 |[B]), the difference 
also in respect to its changing prevalence in between 1938 and 1948 is not quite so 
relation to duration of dust exposure (Fig. marked as would appear to be the case when 
3). The decennial cohorts for 1928, 1938, the occurrence of new cases is compared by 
and 1948 illustrate well how miners have means of histograms. It is shown that the 


been enabled by improved mining hygiene 
to work longer periods before silicosis mani- 
fests itself as a nodular radiographic disease 
(Fig. 3 [A]). The tendency in recent years 
has been not only to double this period, to 
judge by the modal peaks of the histograms, 
but also for greater dispersion in the occur- 
rence of the radiographic stage in relation 
to the duration of service in a dusty environ- 
ment. The men have also been enabled to 
survive almost a decade longer before certi- 
fication. This is real progress. 


However, it must be recalled that the total 
number of men working at each dust- 
exposure phase diminishes rapidly as the 
years go by. When the decennial cohorts of 
silicosis cases for the years 1928, 1938, and 
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production of silicosis is a function of dura- 
tion of exposure, being relatively more preva- 
lent among those miners with the longest 
mining service, even in the case of the 1928 
cohort. 

Progression of Silicosis.—Retardation of 
the rate of progression of first-stage silicosis 
to higher stages would be another feature 
showing progress in South Africa as a result 
of better mining hygiene or medical super- 
vision. Figure 4 shows this factor to be dis- 
couraging in respect of the cohorts for the 
years 1921, 1931, and 1941. It is revealed 
that when silicosis advances beyond the first 
stage it does so relatively rapidly, and within 
10 years after first discovery the majority of 
cases have already advanced. In this respect 
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the disease had not materially changed its 
character over the past three decades. Refer- 
ence has already been made to the fact that 
during the year 1953-1954 the Bureau found 
it necessary to reclassify more than 760 first 
stagers into the next two advanced categories 
of the In almost 400 
second-stage silicotics were reclassified as 


disease. addition, 


third stagers, while an additional approxi- 
mately 70 previously certified miners were 
found to have tuberculosis complicating the 


silicosis. This gives a total reclassification 
of silicotics to higher stages in excess of 
1240. During the year 1947-1948, by com- 
parison, the Bureau reclassified but a total 
of 75 silicotics, and a decade earlier yearly 
totals of 250 or more reclassifications were 


considered to be high rates of progression.* 


Once more this exaggerated rate of ad- 
vance must be viewed as a belated correction 
of previously retarded certification of disease 
which had advanced but which had not been 
admitted by the Bureau to have done so. 


. Such cases should for statistical purposes be 
carried back to earlier historic periods, as 
they were derived mainly from the ranks of 
the surviving annual cohorts of new cases 
certified since about 1938. When this has 
been done, the differences in rates of progres- 
sion of the diseases in recent years as com- 
pared with progression among the case 
cohorts from earlier decades will probably 


YEARS SINCE FIRST DETECTION OF SILICOSIS 


FIGURE 4 


be largely eliminated. In other words, though 
silicosis occurs less frequently among miners 
today and takes a greater period of exposure 
before it becomes radiologically demonstra- 
ble, it tends to progress to a stage of dis- 
ability at virtually the same inexorable rate 
as characterized its behavior in earlier years. 
This conclusion may be modified by the 
consideration that the miners today are older 
when they eventually become disabled than 
was the case three or four decades ago, when 
silicosis first made its vicious character mani- 
fest. Perhaps it takes less added pulmonary 
damage to disable an elderly miner than is 
a young man. 

Death Rates.—Silicosis: Progress in re- 
spect of the control over silicosis is further 


required to cripple 


manifested through the diminishing propor- 
tion of cases that die from silicosis and the 
longer survival of the silicotics. Thus of the 
1917 and 1921 cohorts of new silicotics, less 
than 23% survived after elapse of 30 years, 
the majority having died within the first 10 
years, whereas of the 1941 group only about 
30% had died within 10 years from the date 
of certification (Fig. 5). The rates at which 
miners died, respectively, from causes as- 
scribable to silicosis and from other causes 
became reversed during the past three 
decades. Thus of the 1917 cohort of silicosis, 
more than 60% from silicosis 


had died 


within 20 years and less than 10% from 
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other causes. By 1937 these ratios had 300,000 dust-exposed Negro laborers. Even 
become inverted so that fewer than 20% of if these approximately 2000 tuberculosis 
the 1937 group of new silicotics had died cases are to be related to the whole 300,000, 
from silicosis within the succeeding 15 years rather than merely the 2% examined, we are 
of follow-up, whereas more than 20% of © still dealing with a new case rate in excess 
this group had already succumbed to other of 600 per 100,000, which is 10 times the 
causes within the first 10 years. This reversal attack rate for tuberculosis among the white r 
is partly explicable on the basis that the population of South Africa and twice the rate 
average age at certification of the 1917 group found among the Negroes in the worst peri- 
of silicotics was less than 39 years, whereas urban slums where malnutrition and over- 
the 1937 group had on an average attained crowding prevail. The mine laborers are well r 
: the age of 50.8 years when first diagnosed as quartered and fed and are selected, on first 
silicotic. recruitment, for their robusticity and radio- 
Tuberculosis—The problem of tubercu- graphic freedom from disease. The high 
losis is interesting and merits further com- tuberculosis rate must therefore relate to 
ment. Argument has often been advanced in their occupation, and the fact that almost 
‘ South Africa that its statistically alarming half of the cases were instances of tuber- ; 
prevalence among working Negro laborers culosis combined with silicosis at the outset 
is illusory, because inadequate cognizance is gives the show away. ‘ 
. taken of the fact that more than 300,000 of Among the white miners, tuberculosis is 
7 these men are annually in the service of the not quite the statistical menace it is among y 


gold mines and that the annual labor turn- 
over of more than 80% may exaggerate the 
number of cases prevalent among working 
laborers, many of the infections being 
brought in from outside. During 1953-1954 
the Bureau discovered more than 1100 new 
cases of tuberculosis and more than 880 new 
cases of tuberculosis combined with silicosis 
among less than 2% of the approximately 
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the Negro laborers, though, of course, it is 
always a serious problem for the person who 
falls a victim to its ravages. It is fortunate, 
therefore, that the disease has been so rela- 
tively successfully eliminated. Figure 6 
shows graphically that since about 1923 
tuberculosis has not been materially modified 
in its ability to attack the young miner. These 
men tend to be about 40 years of age, and 
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the disease appears after about 12 years of of 
dust exposure. Though it assumes the patho- 
logical character and clinical course of non- 
occupational tuberculosis, it is almost in- 


silicosis complicated by tuberculosis, 
whether or not the silicosis has been demon- 
strated in life. It is almost invariably found ~ 
in the lungs of such men after death. Many 


variably based on some macroscopically —tuberculotics with less than 10 years’ service 


demonstrable preexisting silicotic damage in 
men with five or more years of service. For 
this reason South African law wisely treats 
all tuberculotic miners with more than 10 
years of dusty occupation service as cases 


are reclassified as suffering from silicosis as 


well as from tuberculosis at later stages. 
Tuberculosilicosis, i. e., silicosis and tuber- 

culosis developing pari passu and manifesting 

simultaneously as a combined disease, com- 
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menced originally as a disease of younger 
miners and is now most prevalent among 
the older age group (fifth decade). Whereas 
it originally was the main source of death 
among short-service miners, it tends at pres- 
ent to be a more benign, more chronic disease 
occurring in men who had been exposed to 
dust almost 20 years (Fig. 6). It is by no 
means the same highly fatal entity as the 
tuberculosis which becomes grafted onto pre- 
established silicosis, and many miners affected 
by tuberculosilicosis may be completely 
symptom-free for many years, whereas those 
in whom tuberculosis supervenes on silicosis 
almost invariably die within six months to 
two years in spite of sanatorium care. The 
modern chemotherapeutic 
remedies have 


antibiotic 
temporary 
capacity to arrest such tuberculosis. 

The death rate among tuberculotics has 
failed to show any significant abatement dur- 
ing the past four decades and may even be 
worse today than formerly (Fig. 7). Thus, 
whereas only 26% of the 1918 cohort of 
tuberculotic miners were surviving after 20 
years, less than 22% of the 1938 cohort were 
alive at the end of 16 years, the majority 
having died within the first 10 years and at 
a materially more rapid rate than applied in 
the case of the 1918 cohort. No immediate 
explanation for this phenomenon presents 
itself. 


and 


shown some 


CONCLUSION 

The foregoing review of the occupational 
chest disease problem in the gold mines of 
South Africa may be summed up as reveal- 
ing over-all favorable progress. Conquest is, 
however, by no means yet in sight. The fact 
that large numbers of the extremely robust 
white miners nevertheless develop disabling 
disease within about 20 years indicates but 
one thing: There is still too much harmful 
dust being breathed by these men. Assuming 
that the generally “satisfactory” dust levels 
reported in official statistics are representa- 
tive of mining conditions at all times, one is 
forced to the conclusion that the “ideal’’ dust 
level of 200 particles per cubic centimeter 
(approximately 5,000,000 particles per cubic 
foot) is not yet satisfactory. The engineers 
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may have to adjust their sights once more. 
It is difficult to imagine precisely how this 
can be done, having regard to the rigid 
precautions which are already being enforced 
by government and the fabulous amounts 
already being spent by the mine owners to 
meet the specified requirements. 

Pessimism concerning the increasing prev- 
alence of these diseases among the Negro 
laborers may be tempered with the thought 
that in the absence of existing engineering 
and medical control the situation would have 
been infinitely worse. It is rather obvious, 
however, that the occupational diseases 
among these employees need much more 
exhaustive study. This is logical but rather 
more easily proposed than carried into effect, 
having regard to the rapid personnel turn- 
over, language and cultural barriers, and the 
difficulty in obtaining technically qualified 
personnel for such an ambitious project. It 
does not, however, seem beyond the range 
of reasonability to insist on regular periodic 
chest x-rays for all Negro laborers. If it is 
considered a_ sine for the white 
miners, who are much less closely in contact 
with dust-generating processes, it should be 
so much more necessary in the case of the 
Negro laborers. The rapid elimination of 
cases of tuberculosis should be the first ob- 
jective, and it is to be hoped that some effort 
will be made to hospitalize and treat all 
tuberculotics after the disease has been offi- 
cially certified by the Bureau. The pernicious 
practice of allowing such patients to go 
“home,” where they constitute a source of 
infection to their families and friends in re- 
mote tribal villages beyond the control of 
civilized medical skills, should be stopped. 
Tuberculosis was not brought under control 
in civilized countries by laissez faire or with- 
out heartaches frustrations, and the 
period of isolation can today be greatly re- 
duced through the application of the modern 
therapeutic agents. 


qua non 


and 


Although elaborate prescriptions are given 
concerning financial benefits for affected 
mine employees, the basic approach of the 
South African silicosis legislation with re- 
spect to the occupational chest diseases is 
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prophylaxis rather than compensation. It 
has been shown how this ideal can be frus- 
trated through administrative inadequacies, 
and it is to be trusted that precautions will 
in the future be taken to obviate the recur- 
rence of events referred to. Research only can 
solve the puzzle of persisting disability, de- 
spite all the precautions that have already 
been taken. 
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Should an early investigator of silicosis 
return to the industrial scene, he might 
justifiably be surprised that, after many 
decades of study, this disease has still not 
been vanquished. Yet there are some who, 
though not removed from the industrial 
scene, have yielded to the complacency that 
full control of silicosis has been achieved. 
It is therefore timely, as we move farther 
into a technologic era in which radiation and 
other modern hazards compete for attention, 
to review the status of this old industrial 
plague. 


In the United States, many groups, both 
nongovernmental and governmental, have 
made noteworthy contributions to the eluci- 
dation of the problem of silicosis. A review 
of all their efforts would not be practicable 
at this time. It is therefore the purpose of 
this paper to review only the accomplish- 
ments of the United States Public Health 
Service and to inquire into the present status 
of silicosis in the United States with the use 
of data made available to this agency. 
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EARLY SILICOSIS STUDIES 

lor this group there is little need to re- 
port the chaotic situation that existed when 
the United States Public Health Service, in 
cooperation with the United States Bureau of 
Mines, undertook its first investigation of 
silicosis in the tri-state area of Oklahoma, 
Kansas, and Missouri in 1914." At that time, 
medical knowledge was far ahead of our 
techniques for measuring the workers’ ex- 
posure. Consequently, in this early investiga- 
tion, very little information was developed 
about the environment. Even at this early 
date, however, the investigators realized that 
the ultimate solution of the problem would 
depend on the correlation of the medical find- 
ings with dust concentration. This study was 
one of the earliest attempts to apply x-ray 
to mass diagnostic procedures. 

It is of historical interest that, of the 720 
miners examined, 433, or 60%, were diag- 
nosed as having “miners’ consumption.” In 
103 of these cases, tubercle bacilli were dem- 
onstrated in sputum samples. In addition, 
there were 43 miners with a doubtful diag- 
nosis; 26 were suffering from miscellaneous 
nonpulmonary diseases, and 39 had uncom- 
plicated tuberculosis. Of the 433 miners, 120, 
with an average age of 31 years, showed first- 
stage silicosis; 142, with an average age of 
33, were second stage; and 68, with an 
average age of 38, were third stage. 

To reemphasize the drastic social conse- 
quences of the disease during this era, let us 
briefly review several case histories. Mrs. 
C. lost two husbands, aged 38 and 48; one 
son, aged 28, and one son-in-law, aged 34. 
Mrs. L. lost four brothers, aged 40, 42, 44, 
and 46. Mrs. T. lost two brothers aged 30 
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and 28; a half-brother, aged 30; a husband, 
aged 29, and a brother-in-law, aged 28. 
Those are but a few of the many cases of 
family hardships caused in this one particular 
area by silicosis. This is not given as scien- 
tific evidence bearing on the problem but to 
illustrate the social and economic implica- 
tions of silicosis of that time. 

Conclusions drawn from this study are 
also interesting in view of our present knowl- 
edge of silicosis. Some of these were stated 
as follows: 


1. Miners’ consumption is an important occupa- 
tional disease widely prevalent among the hard-rock 
miners of the Joplin district, affecting probably 
30% to 35% of them. 


2. Miners’ consumption is essentially a pneumo- 


coniosis due to the inhalation of siliceous rock dust 
and resulting in a fibrosis with loss of function. 

3. The disabilities and other factors of miners’ 
consumption are due primarily to silicosis, infection 
being usually a secondary and often a_ terminal 
process. 

4. Infection, both tuberculous and pyogenic, is 
common in miners’ consumption, the tendency to- 
ward infection increasing as the disease progresses. 

The tri-state study formed the basis for 
a series of Public Health Service investiga- 
tions in the dusty trades during the 20's and 
30's, which included the cement, asbestos, 
coal, talc, and granite industries. Fortu- 
nately, by 1922 dust quantification methods 
had been improved, and it was thus possible 
to include in these studies fundamental in- 
vestigations of the environment. The study 
of the granite industry, undertaken in 1923 
by the old Office of Industrial Hygiene and 
Sanitation of the Public Health Service, was 
the first epidemiologic study of silicosis in 
which it was possible to correlate definitely 
the worker’s physical condition with his en- 
vironment.?_ This introduction of epidemi- 
ologic methods, which considered both the 
worker's environment and his physical con- 
dition, probably represents the most signifi- 
cant contribution that the Public Health 
Service has made to the study of silicosis. 
The granite industry study served to add 
materially to our knowledge of the pathology 
of the disease by constructing a graphic pic- 
ture of what happened to men working for 


many years under dust hazards of a known 
character. Among the significant factors were 
the following : 

(1) The long period of service before the liability 
to tuberculosis became manifest, generally 20 years 
or more. 

(2) The sharp correlation between the length of 
exposure to the dust and the prevalence of tuber- 
culosis, and also the death rate from this disease. 

(3) The close correlation between the extent of 
dust exposure and the health of the miner. 

(4) The universal occurrence of silicosis among 
the workers exposed to concentrations above 40,000,- 
000 particles per cubic foot (pef) of air. 

(5) The large proportion of workers who finally 
succumbed to tuberculosis. 

(6) The almost invariable fatal form of the dis- 
ease (silicosis) within a short time after the onset. 

(7) The different character of silicosis, as mani- 
fested by x-rays, compared with that where the ex- 
posure was to a dust with a much higher content of 
free silica. 

This last conclusion was contested by 
Gardner in 1939, his thought being that it 
may have been due to improvement in x-ray 
techniques.* 

On the basis of this study, it was possible 
to form some rough ideas of the limits of 
dustiness which may be regarded as reason- 
ably safe from a health standpoint. Silicosis 
was universally present in those groups 
where the average dust content of the en- 
vironment varied from 40,000,000 to 60,000,- 
000 pef of air. There was little indication of 
any serious effect on the men with average 
exposure of about 20,000,000 pcf. In the 
group where the average concentration was 
6,000,000 pef, there was no indication of any 
unfavorable effects on health. Thus, it ap- 
peared from the analysis of the data that a 
safe limit to this particular dust, with a free 
silica content of approximately 35%, was 
between 9,000,000 and 20,000,000 pef of air. 

Out of the granite study grew an extensive 
silicosis-control program, instituted by the 
Industrial Hygiene Division of the Vermont 
Department of Health. Briefly, this program 
was based on an agreement between the 
granite manufacturers and the labor unions 
to initiate dust-control measures, which 
would be periodically checked by the Ver- 
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mont Department of Health, and to provide 
annual x-ray examination of workers. It is 
interesting to note that, insofar as records 
show, not a single case of silicosis has devel- 
oped in a granite-shed worker whose initial 
exposure followed the installation of dust 
controls.* This is the only known example 
of a United States industry in which it ap- 
pears that no new cases of silicosis are de- 
veloping. However, there are a number of 
factors which must be analyzed before we 
can assume that such success has been or 
could be attained in other industries. 

The Public Health Service studies of dust 
diseases, conducted between 1913 and 1935, 
made several important contributions to the 
study of silicosis. These studies served to 
confirm the findings of many independent 
investigators and assisted in determining the 
pathology of the disease. They helped im- 
measurably in the assaying of dust exposures 
and in defining the role of such factors as 
particle size, composition of the dust, and 
duration of exposure and led ultimately to 
the adoption of 5,000,000 pef of air as a 
maximum allowable concentration for silica 
dust. The year 1935 or thereabouts saw 
recognition and acceptance of the five cardi- 
nal factors in the etiology of silicosis: com- 
position of the dust; the concentration of 
the dust; size of the dust particle; duration 
of exposure, and individual susceptibility. 

Because of the need to concentrate on 
other disease entities, 1935 also saw a di- 
minishing emphasis by the Public Health 
Service on epidemiologic studies of silicosis. 
This decision was undoubtedly influenced by 
the assumption that the silicosis problem was 
largely solved and that prevention was sim- 
ply a matter of applying the necessary en- 
vironmental controls. This feeling apparently 
was shared by others, for at the Fourth 
Saranac Symposium Drinker stated, “To be 
sure, the clinical and biological aspects of 
silicosis leave many problems unsolved, but 
the preventive aspects are now in fair 
order.” * The middle 30’s also marked the 
introduction of extensive dust-control pro- 


* Ashe, H. B.: Personal communication to the 
authors. 
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grams by the larger mining and industrial 
companies. 

The 20 years that have elapsed since the 
institution of dust-control measures may be 
regarded as a period of observation for de- 
termining whether these accepted preventive 
techniques are in reality adequate. It is 
therefore timely to appraise the effectiveness 
of control methods for silicosis. 


PRESENT STATUS OF THE SILICOSIS PROBLEM 


As a prefatory note, it shouid be recalled 
that statistics on the incidence of occupational 
diseases, including silicosis, have always been 
notoriously poor in the United States. With 
48 states with differing requirements or none 
at all, it is not feasible to set up a central 
In the states that have 
some kind of reporting scheme, lack of com- 
pliance, problems of interpretation of case 


collecting system. 


histories, and differences in classification of 
the disease and in nomenclature are other 
discouraging factors. Despite the fact that 
medical reporting to Health and Labor De- 
partments is compulsory in many states, it 
is ineffective as a source of incidence statis- 
tics. Numerical information, however, is 
available on silicosis incidence, but it is un- 
coordinated, scattered, and subject to various 
interpretations. The main sources are com- 
pensation records, medical and environmen- 
tal investigations in specific industries, and 
routine examination programs. 

We have been attempting to overcome the 
gap by gathering statistical data on the extent 
and scope of the silicosis problem today. This 
study, under way since November, 1954, 
seeks to determine how many silicotics there 
are as well as when they received their major 
dust exposure—whether it was before or 
after 1935, which we are arbitrarily setting 
as the year when industry began on a sub- 
stantial scale to install dust-control equip- 
ment. 

At the Fourth Saranac Laboratory Sym- 
posium on Silicosis, Cummings ventured a 
guess that not more than 50,000 employed 
men might be found in the United States at 
the present time with definite evidence of 
silicosis.’ Exact knowledge of the number 
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of potentially exposed workers in the United 
States then, as today, was not available. 
Among the more reliable estimates was the 
one based on the preliminary survey (1936- 
1939) of the industrial hygiene problem in 
the United States by the Public Health Serv- 
ice; the number of persons potentially ex- 
posed to silica dust was estimated to be 
1,500,000.* 

In terms of today’s status of the silicosis 
problem, the implication in these earlier esti- 
mates can give rise to deep concern. In view 
of the slow clinical course of silicosis, work- 
ers who received their major dust exposure 
in the 30’s or early 40’s could be expected 
to show signs of the disease and disability 
at the present time. Although dust-control 
equipment was beginning to be installed in 


TABLE 1.—Compensation Data on Silicosis 


State Years Type Cases, No 


Colorado July, 1952- Cases processed 34 silicosis 

Dee., 1954 
Utah 1952-1954 
West Virginia 1953-1954 


Pennsylvania 1950-1952 


Cases processed 24 silicosis 


Cases processed silicosis 
Compensated 


causes 


305 silicosis 
15 anthraco- 
silicosis 


Illinois 1951-1953 Compensated 87 silicosis 


cases closed 
California 1953-1954 Disputed cases 
before the 
Commission 


106 pneumo- 
coniosis 


the middle 30's, the achievement of universal 
coverage was many years removed. A big 
educational job lay ahead. Management and 
labor had to be taught not only how to pre- 
vent and control dust diseases of the lungs 
but also that certain dusts in excessive ex- 
posures were dangerous. As a matter of fact, 
the job is still incomplete, for two decades 
later many plants can be found without dust 
control. In other words, despite whatever 
progress may have taken place in cleaning 
up dusty working conditions, we are likely 
to inherit for years to come a sizable preva- 
lence of silicosis. 

Compensation Data——A major source of 
information on the extent of the current 
silicosis problem is compensation records. 
Table 1 summarizes the experience in six 
states within recent, but differing, periods of 
time. Because of differences in compensation 


laws in the states, it is not possible to make 
comparisons and draw valid conclusions. For 
this reason, only a description of the data can 
be presented. 

In Colorado, in a 30-month period July, 
1952, to December, 1954, there were 34 cases 
of silicosis processed. Of these, 11 were com- 
pensated ; 18 were dismissed or denied owing 
to late filing, to absence of total or permanent 
disability, or for other reasons, and 5 were 
pending decision. Sixteen of the affected 
workers were reported to have begun their 
employment in industries with exposure to 
silica dusts after 1935. Twenty of the men 
worked in mines, 10 in foundries, 2 in smelt- 
ers, and 2 in the firebrick industry. 

In Utah, the medical panel of the State 
Industrial Commission made a diagnosis of 
silicosis in 24 workers during a three-year 
period preceding 1954. Four hard-rock min- 
ers were alleged to have received their ex- 
posure after 1935; one worked at his job 
6 years, another 14 years, and two others 17 
years each. The other 20 workers received 
their exposure before 1937 or both before and 
after. Eighteen of this group were hard-rock 
miners, and two were mill workers. Six of 
the miners also had tuberculosis. 

In West Virginia, the Industrial Commis- 
sion processed 1523 cases of silicosis in 1953 
and the first 10 months of 1954. Fifty-eight 
were fatal. West Virginia compensates for 
partial disability, and, of the total processed, 
three-fourths received compensation. 

In Pennsylvania, during the three-year pe- 
riod 1950, 1951, and 1952, a total of 305 cases 
of silicosis and 1115 cases of anthracosilico- 
sis were compensated. In Illinois, 87 com- 
pensation claims for silicosis were closed dur- 
ing the three-year period 1951 to 1953. In 
California, the Industrial Accident Commis- 
sion issued 87 original decisions involving 
pneumoconiosis during the fiscal years of 
1953 and 1954. Only cases in which there is 
a dispute come up before the Commission. 
It is of interest to note in connection with 
these compensation data that, although we 
have no recent figures for Montana, in 1947 
some 600 persons were receiving benefit pay- 
ments as silicotics. 
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X-Ray Examination Data—Another 
source of information is the x-ray examina- 
tion data accumulated by the divisions of in- 
dustrial hygiene in the state health depart- 
ments of Vermont and North Carolina. 
Table 2 shows a comparison of x-ray find- 
ings of workers in the granite sheds of Ver- 
mont in 1937-1938, when dust control equip- 
ment was being installed by the manufactur- 
ers, and again in 1954. X-ray examinations 
in 1937-1938 of 805 workers disclosed 365, 
or 45%, with silicosis ; examinations in 1954 
showed 20% with silicosis. In 1954, the in- 
cidence rate based on the payroll employment 
of 1809 granite-shed workers was 16% ; in- 
sofar as it can be determined from occupa- 
tional histories, all the affected workers re- 


TaBLe 2.—Silicosis (All Stages), Granite-Cutting 
and Finishing Industry of Vermont 


Item 1937-1988 1954 
Average payroll employment.............. 2,100 1,809 


Workers x-rayed with diagnosis of sili- 


Workers on payroll with silicosis x-rayed 
at least once but not in indicated 
Total with silicosis................... 365 294 
Workers x-rayed found with sili- 


ceived their initial exposure to dust prior 
to the installation of dust-control equipment. 
Of the 294 workers with silicosis who are 
still employed, 42 also have some form of 
possible infection, such as tuberculosis. In 
1937-1938, the corresponding number was 
143. 

A workmen’s compensation law was 
passed recently in Vermont providing com- 
pensation for total disability due to silicosis. 
Relatively few claims have been filed, how- 
ever, since the granite cutters either are not 
totally disabled or prefer to remain at their 
jobs as long as they can. 

The Vermont Division of Industrial Hy- 
giene also takes routine chest x-rays of work- 
ers in other industries. In 1951-1952, there 
were 16 to 419 quarry workers x-rayed who 
showed evidence of silicosis. The years of 
exposure were long in all instances. Eleven 
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out of 1216 workers in the foundry industry 
and 38 of 318 slate workers showed evidence 
The 
period of major dust exposure has not been 
ascertained for these cases. 


of silicosis in one stage or another. 


Since 1936, the Division of Industrial Hy- 
giene of the North Carolina Board of Health 
has been x-raying workers and conducting 
studies of the working environment in dusty 
trades applying for or carrying workmen’s 
compensation insurance for silicosis. This 
responsibility is delegated by law. Legal pro- 
vision is also made for physical examinations 
of prospective employees and periodic exam- 
inations of those engaged in industries with 
harmful dusts, with a stipulation for the re- 
moval of employees in the very early stages 
of the disease. The program is carried out 
in conjunction with the Industrial Commis- 
sion. On the average, 2500 to 3500 workers 
appear for x-rays annually. Most of these 
workers are engaged in the mining and mill- 
ing of tungsten, mica, and pyrophyllite and 
the quarrying and cutting of granite and 
stone. 

Since 1936, as a result of the state’s physi- 
cal examination program, 446 workers were 
diagnosed as having silicosis. Table 3 gives 
a distribution of cases for major industry 
groups according to five-year intervals dur- 
ing which positive diagnosis was first made. 
The five-year grouping is for convenience 
rather than to show any increase or decrease 
in incidence, because the number of new 
cases uncovered is dependent to a great de- 
gree on the coverage of industries by the 
x-ray survey. Unlike the data collected in 
Vermont, the available information for North 
Carolina does not lend itself to determining 
incidence rates. Workers found with silicosis 
are denied a workcard and either file a claim 
for compensation or find employment in non- 
dusty industries. Thus, they do not always 
reappear for periodic examinations. 

An opportunity was given to review in- 
dividual records of 40 cases diagnosed as 
having silicosis for the first time in 1953 or 
1954. Occupational histories indicated that 
20 of these workers began employment in 
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dusty trades after 1935. Five of the recently 
affected workers were under 40 years of age 
and had a mean average exposure to dust 
of 13 years; 5 were between 40 and 49, and 
10 were over 50 years of age. 

Mortality Statistics —Further information 
in the form of unpublished data on deaths 
from occupational respiratory diseases in the 
United States has been provided by the Na- 
tional Office of Vital Statistics. These data 
are shown in Table 4. Over the four-year 
period 1949-1952, they reflect an average of 
more than 1200 deaths per year from silicosis 
and anthracosilicosis combined, about 600 
deaths per year from respiratory tuberculosis 


was the only cause of death mentioned on 
21 of the 64 certificates; silicotuberculosis 
was given on 26, and for the remaining 17, 
other causes were also stated. 

A rough distribution by occupation re- 
vealed that 18 were miners and another 18 
worked in the granite industry, foundries, 
and other trades generally associated with 
silica-dust exposure. Another 18 were re- 
ported in occupations not usually associated 
with silica exposure, such as farmers, jani- 
tors, store clerks, and guards. Ten certifi- 
cates did not state occupation or gave the 
occupation as “laborer” without further ex- 
planation. The inadequacy of the kind of 


TABLE 3.—Number of Cases of Silicosis (All Stages) According to Period When First Diagnosed and by 


Industry in North Carolina 


Mining and Granite 
Milling of and Stone 
Period Total Minerals Industry Foundries Other 
55 17 13 3 
125 77 37 8 3 
TABLE 4.—Deaths from Occupational Respiratory Diseases, 1949-1952, for United States 
(National Office of Vital Statistics, Public Health Service) 
Cause of Death 1952 1951 1950 1949 
Respiratory tuberculosis with mention of occupational dis- 


with mention of occupational disease of lung, 
and 225 deaths per year from other pneumo- 
conioses, probably chiefly silicosis. Age or 
occupational analysis of the deaths is not 
available. 

An analysis of 64 death certificates naming 
silicosis Or pneumoconiosis as a primary or 
contributory cause of death in one state 
(Kentucky) shows that silicosis is present 
at all ages but tends to increase in impor- 
tance in the older age groups. Five of the 
workers were between 30 to 39 years of 
age; eight were between 40 and 49 years. 
For six of these workers, the cause of death 
was given as silicosis or pneumoconiosis 
without mention of other conditions; for 
five, silicotuberculosis; and for the remain- 
ing two, other disease conditions. Silicosis 


information contained in death certificates 
is readily apparent. 

CURRENT INVESTIGATIONS AND STUDIES 

It was not meant to imply earlier in this 
paper that since 1935 the Public Health 
Service has had no interest in silicosis and 
other dust diseases. With its extensive his- 
tory of research in dusty industries, the Oc- 
cupational Health Program of the Public 
Health Service has every intention of pur- 
suing appropriate studies whenever it is in- 
dicated that a significant public health prob- 
lem exists. In 1949, evidence pointed to the 
foundry industry as a significant source of 
exposure to silica dust. Consequently, the 
Public Health Service, in cooperation with 
the Illinois Department of Public Health, 
undertook a study of silicosis in the various 
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foundries of Illinois.° As might be expected, 
the most significant findings pertained to the 
respiratory system. Pulmonary fibrosis of 
occupational origin was found in 9.2% of 
the 1937 men examined. The clinical and 
environmental findings revealed that there 
was reason to believe that the dust conditions 
in the foundries had improved in the past 
10 to 20 years. Thus, it is likely that in most 
instances the pulmonary fibrosis observed 
was due in great part to the higher dust con- 
centrations which probably had existed 10 or 
15 years previously. The conditions noted, 
however, generally left room for improve- 
ment in the control of silica as well as other 
hazards. 

In 1953 and 1954, in cooperation with the 
health departments of California, Nevada, 
and Oregon, the Public Health Service con- 
ducted a comprehensive clinical and environ- 
mental study among workers engaged in the 
mining and processing of diatomaceous earth 
in five plants, three handling salt-water 
diatomite and two handling fresh-water diat- 
omite. Approximately 900 employees were 
examined. The prevalence of pneumoconi- 
osis, similar in type to that reported in 1952 
by Smart and Anderson,® was sufficiently 
high to confirm the existence of a pulmonary 
hazard in this industry.¢ Preliminary indi- 
cations are that the major danger lies in the 
crystalline forms produced by calcining of the 
amorphous natural diatomite. Prior to the 
study, recognition by the industry of the need 
for rigid controls led to progressive reduc- 
tion in dust exposure, and so correlation of 
current environmental and clinical data is 
misleading. Plans are now in effect for pe- 
riodic follow-up observations to determine 
the effectiveness of control measures now 
being applied. 

From the foregoing statistics, crude as 
they may be, it is apparent that silicosis is 
yet a major occupational disease in the 
United States. Our limited information, 
however, indicates that tuberculous infection 


+ Occupational Health Program, Division of 
Special Health Services, U. S. Public Health 
Service: Unpublished data. 
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is not so prevalent as it once was among 
silicotics, and, needless to say, because of 
our present compensation laws and enlight- 
ened employment practices, the disease no 
longer has extreme and unique social con- 
sequences. Examination of the data also in- 
dicates that there is a longer period of de- 
velopment of the disease than was true in 
the early days. You may recall the average 
age of those suffering from third-stage sili- 
cosis in the tri-state study was 38 years. Al- 
though we have not compiled an average age 
for present-day silicosis, it would appear that 
it is somewhat higher. 


UNRESOLVED QUESTIONS 

The continuing occurrence of relatively 
large numbers of cases of silicosis raises some 
questions. It is not the purpose of this paper 
to attempt to answer these questions, but 
simply to pose them as areas in need of 
further study. A number of questions fol- 
low: 

1. Do the initial exposures in these cases 
date back to pre-dust-control days? If so, 
do these cases represent progression of the 
disease due to continued exposure to low 
concentrations of silica dust? Certainly, the 
age range of many of the cases indicates that 
they may have received their initial exposure 
before dust controls were generally adopted 
by the mining and manufacturing industries. 

2. How extensive and efficient is dust con- 
trol in relation to recommended standards ? 
Doubtless, there is a large volume of data 
available in official and private industrial hy- 
giene agencies which would have bearing 
on this problem. As yet, however, these data 
have not been analyzed on a mass scale. 

3. Do our standards need revision? There 
is no ample evidence at this time to indicate 
that the 5,000,000 particles per cubic foot 
(pef) of air are not adequate. However, as 
with other industrial hygiene standards, this 
standard should be under constant scrutiny. 

4. Are there other factors to which we 
are not giving proper consideration, such as 
particle size of the dust? Mention of this 
problem is frequently found in the literature. 
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The Third International Conference of Ex- 
perts on Pneumoconiosis pointed up the need 
for additional research in this field, stating 
that “the lower size limits of injurious par- 
ticles had not yet been determined.” * 

5. What is the actual toxicity of silica? 
The  diatomaceous-earth pneumoconiosis 
study indicated that noncrystalline forms of 
silica, as well as cristobalite and tridymite, 
produce a pneumoconiosis which is not sili- 
cosis per se but closely related to it. The 
predominate opinion of investigators of coal 
miners’ pneumoconiosis is that the small con- 
centrations of crystalline silica to which the 
worker is exposed have no significance in 
the etiology of the disease.* There are others, 
however, who maintain that these small con- 
centrations may have a significant relation- 
ship to the problem. This point still needs 
to be resolved. 

These are questions which are of real in- 
terest to the scientist and must be answered 
if silicosis is to be completely eliminated as 
an industrial disease. In the compensation 
field also there are problems which will need 
scientific evaluation before the compensation 
and social aspects of the disease are com- 
pletely resolved. These problems are asso- 
ciated primarily with the need to devise prac- 
tical means of assessing disability. This ques- 
tion becomes more acute as more states com- 
pensate for partial disability. Indeed, there 
is still great need for the development of a 
satisfactory x-ray classification. As you 
know, this problem is being considered by a 
committee of experts in the United States, 
and an international classification system has 
been proposed by the International Confer- 
ence of Experts on Pneumoconiosis.¢ 


CONCLUSION 
From this review of dust studies of the 
Public Health Service and the data made 
available by other sources, it may be con- 
cluded that the problem of silicosis in the 
United States is, still far from being solved. 
Several obstacles yet remain to be hurdled, 


t Reference 7, p. 130. 


primarily in the resolution of technical ques- 
tions. 


The following agencies cooperated in providing 
information relating to the silicosis problem: In- 
dustrial Hygiene Division, Vermont Department of 
Public Health; Division of Industrial Hygiene, 
North Carolina Board of Health; State Compensa- 
tion Insurance Fund, Industrial Commission of 
Colorado; Utah Industrial Commission; Industriai 
Commission of West Virginia; Bureau of Research 
and Information, Pennsylvania Department of Labor 
and Industry; Division of Labor Statistics and Re- 
search, California Department of Industrial Rela- 
tions; Division of Statistics and Research, Illinois 
Department of Labor; Kentucky State Department 
of Public Health, and National Office of Vital Sta- 
tistics, Public Health Service, U. S. Department of 
Health, Education, and Welfare. 
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N. F. PARKINSON, M.E., Toronto, Canada 


The statistics on the incidence of silicosis 
in the Province of Ontario and in the rest of 
Canada over the last quarter-century are 
somewhat lacking. The reasons for this are 
twofold, and they seem to be equally common 
in other parts of the industrial and mining 
world. They are as follows: 

1. In our mining industry from 1926 to 
1930, the exposure time needed to produce 
silicosis was about 15.4 years. In the interval 
1951-1953, it increased to nearly 25 years. 

2. The number of employees in gold mines 
in the Province of Ontario varied greatly 
during the period 1926-1953 (Fig. 1). The 


Recorded for publication May 2, 1955. 


average employment was about 13,200, and 
it ranged from nearly 22,000 in 1941 to as. 
low as 11,000 in 1944. 

In addition to the changes in total employ- 
ment, labor turnover makes for lack of con- 
tinuity of history obtainable from annual ex- 
aminations. It may result in complete loss 
of contact with many who leave the industry, 
unless and until some of them may return 
claiming silicosis which developed in the 
interim. 

It is perhaps fair to say that approximately 
70% of the total employees in gold mining 
are engaged in what are designated as dust- 
exposure occupations * ; this number includes 


*The Mining Act, Ontario, Section 155, reads 
in part, as follows: 


(c) “Dust exposure occupation” shall mean, 
(i) employment underground in a mine, 
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all underground workers as well as those 
working in crusher houses, in milling, and 
in the assay office. 

A recent survey of a number of gold mines 
operating in the Porcupine Area of Northern 
Ontario showed that among a total of 3757 
employees 

Per Cent 


2,221 had been employed for less than 10 years. 5%] 


443 had been in continual employment for 10 


459 had been continually employed for 15 to 


634 had been continually employed for more 
than 20 years 


3,757 


Despite this discouraging approach to the 
subject, I believe that nowhere in Canada is 
there as much factual information available 
on the progress and extent of silicosis as may 
be found in the mines of Ontario. Some ap- 
preciation of this can be conveyed from the 
following facts: 

1. For all practical purposes, gold mining 
may be said to have commenced in Ontario 
in 1908. For the first 20 years no special 
attention was paid to chest examinations of 
employees, with or without x-ray. Com- 
mencing in 1928, however, the Mining Act 
of the province was amended to require that 
every person employed in a dust-exposure 
occupation in a mine must have preemploy- 
ment examination, including x-ray of the 
chest, by an examiner appointed for the pur- 
pose and must be certified 


(a) Before a preliminary certificate is 
issued 
to be free from diseases of the res- 
piratory organs and otherwise fit for 
employment in dust exposure oc- 
cupations” ; 
(ii) employment at the surface of a mine in 
ore or rock crushing operations where the 
ore or rock is not crushed in water or a 
chemical solution which constantly keeps it 
in a moistened or wet condition. 
(iii) employment at other locations, as desig- 
nated by the Chief Inspector, at the surface 
of a mine or in a pit or quarry; 


(>) Before a final certificate is issued, 
after two years’ employment, 
“to be free from tuberculosis of the 
respiratory organs.” 

Thereafter the certificate is kept in good 
standing only if annual chest examinations, 
including x-ray, are submitted to by the 
holder. 

There is, in consequence, a complete chest 
history of every man employed in a dust- 
exposure occupation, commencing with his 
preemployment examination and continuing 
with annual examinations during the com- 
plete period of his employment. The films 
are all retained in the files of the local exam- 
iner of the Workmen’s Compensation Board 
of Ontario, together with a card record of 
these examinations kept up to date annually 
or oftener, as intermediate examinations 
may have been indicated and carried out. 

2. In Ontario, the Workmen’s Compensa- 
tion Board operates as a semigovernment 
function. An independent board has been 
set up under an Act of Parliament and is em- 
powered to pay compensation for industrial 
accidents and to assess the employers the full 
cost of same, to include not only compensa- 
tion but also medical aid and rehabilitation. 

Silicosis was made an industrial disease 
under the Act of 1926. The Board’s decision 
on all claims thereafter has been given to the 
employers, so that the Ontario Mining As- 
sociation, an organization of these employers, 
has full information on the ultimate disposal 
of these claims.¢ Further, the Compensation 
Board has been able, through the cooperation 
of the Silicosis Referee Board and, in par- 
ticular, of Dr. A. R. Riddell, a member of 
that Board, to set out the year in each case 
in which silicosis was first deemed to be 
present. 


+A paper, “The Prevention of Silicosis in 
Ontario Mines,” by N. F. Parkinson, read at 
Timmins in January, 1951, and published in the 
Proceedings of the McIntyre Research Foundation 
for that year, provides further details respecting 
the position of silicosis and the measures taken in 
its prevention. 
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TaBL_eE 1.—Number of Cases by Years in Which Silicosis, as Defined by the Workmen's 
Compensation Act,* First Occurred+ 


(Table Includes Average Age, Average Dust Exposure, and Number Who Had Died at End of 1953) 


Workers 
Who 
Average Dust Started Workers 
Exposure, Yr.} Mining Dead 

Cases of After at End 

Silicosis, Average In Outside 1928,8 of 1953, 
Year No. Age, Yr. Ontario Ontario No. No. 
ks 127 39.7 12.6 14 0 116 
28 43.2 16.1 1.3 0 23 
19 44.6 16.1 0.8 0 13 
Gee 23 43.4 17.0 05 0 18 
49 42.6 16.1 0.6 0 31 
47 46.2 17.2 2.6 1 22 
96 48.6 19.5 2.7 1 39 
45 49.2 17.4 1.8 4 10 
ks 16 55.5 22.4 1.0 0 3 
ues 7 55.0 24.7 01 1 2 


“Silicosis means a fibrotic condition of the lungs sufficient to produce a lessening capacity for work caused by the 
inhalation of siliea dust.” 

+ The year when a man is first considered to have developed silicosis is determined by the Silicosis Referee Board of 
Ontario usually after physical examination and a study of the records and the chest x-ray films of the man concerned. 
Those still at work and so not yet eligible for compensation are included, as are also persons whose claims have been 
allowed after death. 

} Average time spent in dust-exposure occupations up to the time of developing silicosis, as determined from the 
employers’ records and information obtained from the man himself. 

§ The amendment to the Mining Act, making compulsory annual chest examinations and certification 


for all men 
working in dust-exposure occupations in the mining industry of Ontario, came into force on Jan. 1, 1929. 


AVAILABLE INFORMATION ON SILICOSIS IN Note particularly Column 6 of Table 1 
ONTARIO MINES 


which shows the number of cases included 
In the Province of Ontario, most of the — in the total of Column 2 who started to work 
cases of silicosis developing in the industry 
have come from the gold-mining group. Of 
the total of 1146 accepted cases shown in 
ployment examination, including chest x-ray, 

the accompanying Tables, only 128 have been 
allocated to the mining of other materials i" accordance with the requirements of the 


than gold (Table 1). Act which became effective on Jan. 1, 1929, 


in the mines after 1928. The significance of 


this group is that they all received preem- 
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The workers have all received at least annual 
chest examinations, including x-ray, over the 
whole period of their later employment in 
the mines. 

It is worthy of comment that, of the total 
of 1146 known cases accumulated in the in- 
dustry from the time of commencement of 
mining activities in the early 1900's, there 
have been to the end of 1953 only 45 men 
who commenced mining in 1929 or later who 
are known to have contracted silicosis. One 
must not become too enthusiastic about such 
a showing, as the final story on these cases 
will not be known for some years. There are 
bound to be additions made to the number 
of those attributed to some past years. There 
will be some men who, silicosis-free, left the 
industry for a number of years, then devel- 
oped silicosis, and sought treatment and com- 
pensation. These men are fully protected 
under the Act. If, as, and when disablement 
may develop in the future, provided that they 
were actually exposed to silica dust in their 
employment in Ontario for periods amount- 
ing in all to at least two years preceding, 
they are entitled to compensation. 

To permit a more graphic demonstration 
of the trends, some of the figures in Table 1 
have been grouped by five-year periods in 
Table 2 as follows: 

An examination of the data in Tables 1 
and 2 provides some interesting indications. 

The number of cases has shown a marked 
decline since the period 1941-1945. If, for 
example, the number of cases developing in 
1954 and 1955 are the same as occurred in 


TABLE 2.—Consolidation of Some Statistics on 
Cases of Silicosis Contained in Table 1 into 


Average Dust 
Exposure, Yr. 


Five- Cases of Average — “~ - 

Year Silicosis, Age, In Outside 
Period No. Yr. Ontario Ontario 
1926-1980........ 266 41.5 13.7 1.7 
1081-1085........ 182 45.5 17.2 15 
1936-1940........ 279 46.9 18.1 2.5 
1941-1945........ 240 48.8 18.9 2.0 
1946-1950........ 136 51.8 20.8 1.2 
1951-1953 *...... 43 56.5 23.8 1.0 

1,146 46.7 17.6 1.8 


* Three-year period. 


each of the years 1951 to 1953, the figure for 
the last five-year period will be 72. 

We can be almost certain that as years 
pass more cases will be added to a number 
of these prior years, but the trend seems 
clear and the decrease in the rate of produc- 
tion gives all the indication of being sub- 
stantial. 

There is no uncertainty about the increas- 
ing average age at which the new cases of 
silicosis are developing. The trend is sub- 
stantial and steadily upward. In less than 30 
vears the average age for the development 
of silicosis has increased by approximately 
36%. 

Also there is no uncertainty about the 
great increase in exposure time required to 
produce silicosis in Ontario mines. In less 
than 30 years the dust exposure required has 
been lengthened by more than 60%. 

No special reference has been made as 
yet to death cases, as shown in Table 1. A 
special study of these has been prepared, 
which demonstrates certain other trends of 
interest than those disclosed in a simple list- 
ing of the number of deaths as at the end 
of 1953. One feature of interest is that 11 
of the 127 men who were found to have de- 
veloped silicosis in 1926 or before were still 
alive at the end of 1953. 

The 623 cases have been grouped under 
certain classifications and by five-year pe- 
riods in Table 3. 

A review of these figures emphasizes some 
trends already noted and indicates some new 
ones. 

The 1946-1950 period shows the occur- 
rence of 162 deaths from silicosis, while in 
the same years (Table 2) only 136 cases of 
silicosis were shown to have developed. As 
a matter of fact, in 1947 for the first time 
since 1926 the number of deaths occurring 
among silicosis cases was greater than the 
number of new cases developing in that year. 
The comparable figure for the three-year pe- 
riod 1951-1953, when 98 deaths occurred, 
was 43 cases of silicosis that developed, as 
shown in Table 2. 

The age at time of death shows the same 
remarkable trend upward as the age at which 
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TasLeE 3.—Number of Deaths Among Persons with 
Silicosis by Five-Year Periods (1926-1953) in 
‘ Which Deaths Occurred (Average Age, 
Elapsed Time from Silicosis to Death, 
and Proportion of Total Deaths 
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creased from an average of 2 years (1926- 
1930) to 11.6 years in the period 1951-1953, 
or by nearly six times. Age at time of death 
(Column 3 of Table 3) increased for the 


4 Due to Silicosis or Silicosis same periods from 44 to 62.2 years, or by 
plus Tuberculosis) 41%. 
The last column, dealing with the cause 
tii. ao of death, shows a marked trend away from 
Elapsed Silicosis tuberculosis as a governing factor. Actually, 
in Ontario mining experience, silicosis of it- 
self has never been an important cause of 
death. Of the total of 623 deaths shown in 
1926-1930........ 49 44.0 2.0 91.8 c - 
a pee 9 a 611 these groups to the end of 1953, only 18 have 
1936-1940........ 105 30.7 72 69.5 been attributed to uncomplicated silicosis. In 
1941-1945........ 119 8.6 75.6 
a number of these, especially where compen- 
1951-1953"... 9s 62.2 116 55.1 sation payments have not resulted, the diag- 
Totals....... 623 ata 8.2 68.9 nosis might be questioned. 
Pt Some interesting research work might be 
Three-year period. 
undertaken to determine the reason for the 
silicosis develops but exaggerated here by trend here shown, but there would seem to 
the fact that the length of time elapsing be- be two outstanding causes which might be 
tween the development of silicosis and death considered to have influenced the situation. 
is also increasing. They are as follows: 
Elapsed time between silicosis and death, 1. After men develop silicosis, they now 
as shown in Column 4 of Table 3, has in- _ live for nearly 12 years instead of the average 
a 
0 NUMBERS %&% SILICOTICS WHO 
N DIED ATAGES GREATER THAN 
GO, GS & 7O AS PERCENTAGES 
y OE TOTAL DEATHS BY FIVE- 
0 YEAS 
0 
u Ao 
0 
2 
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of 2 shown in the early years. This means 
that they have nearly six times as long to 
live and, therefore, six times the chance of 
dying of accident or some other disease or 
cause not related to their silicosis. 

2. The work done under the auspices of 
the provincial government in the field of the 
prevention of tuberculosis has brought about 
a marked change in the position of this dis- 
ease. Mortality rates in the province in 193C 
on account of tuberculosis were 57 per 
100,000 of population. The comparative fig- 
ure for 1953 was seven. On the assumption 
that prevalence has been similarly affected, 
the opportunity of our silicotics to become 
infected by contacts has obviously been re- 
duced. 


On the subject of age, Figure 2 shows the 
percentage of cases 60 years of age or over 
making up the total deaths of our silicotics 
in each year. Using averages, it is apparent 
that there must be a fair number among those 
whose deaths occurred in each year whose 
ages were less than and greater than the 
average figure shown. The graph, however, 
again substantiates the trend toward greater 
age at time of death. For example, in the 
three-year period 1951-1953, of the total 
deaths 55% were among men over 60, 37% 
were among men over 65, and 15% were 
among men over 70 years of age. 

Actually, with the average age at which 
the Ontario miners now develop silicosis— 
56.5 (1951-1953)—and the average 
age at which death occurs in the same period 


years 


—62.2 years—silicosis can no longer be, if it 
ever was, looked upon as a menace to our 
youth. While the comparison is obviously 
not a fair one, it is nevertheless a fact that the 
average age at death of all males in Canada 
as per the census figures in 1951 was 56.4 
years. 

I would call your attention again to Figure 
1. This shows the mine population from 
1926 to 1953, inclusive, with subdivisions 
representing those employed in gold mines, 
nickel-copper mines, and all other mines, 
respectively. All other mines include, in the 
main, those mining iron ore and the silver- 


cobalt group. Superimposed on the popula- 
tion figures is a graph showing in each year 
the number of cases of silicosis taken from 
Column 2 of Table 1. 

The mere statement that 1146 cases of 
silicosis have been found in the mining in- 
dustry of the province gives perhaps an 
erroneous impression. The length of time 
over which these cases have accumulated is 
of interest. Of these 1146 cases, 1018 have 
been attributed to gold mining, in which 
there has been an average of 13,200 men 
employed per annum for a period of some 
28 years. 


SUMMARY OF ONTARIO MINING EXPERIENCE 


From the records certain obvious develop- 
ments have, I believe, been demonstrated, 
as follows: 

1. The number of cases of silicosis developing 
each year has been decreasing at a rapid rate. 

2. The average age at which silicosis develops 
has increased from 41.5 years (1926-1930) to 56.5 
years (1951-1953), or by 36%. 

3. The average number of years of dust exposure 
required to develop silicosis among the few who 
contract the condition has increased from 15.4 years 
(1926-1930) to 24.8 years (1951-1953), or by 60%. 

4. Only 45 cases, or less than 4% of the 1146 
known cases of silicosis in the industry, have 
occurred among those who commenced mining after 
1928. 

5. The average age at death has increased from 
44 years (1926-1930) to 62.2 years (1951-1953), or 
by 41%. 

6. Life expectancy after silicosis develops has 
increased from 2 years (1926-1930) to 11.6 years 
(1951-1953), or by six times. 

7. The proportion of cases that died of silicosis 
or silicosis plus tuberculosis has decreased from 
91.8% (1926-1930) to 55.1% (1951-1953). 


That these developments are of importance 
to the men employed in the industry and to 
the industry itself needs little emphasis. They 
have not been achieved without effort. The 
most important changes that have been made 
since 1925, when silicosis was recognized as 
being present among employees in mining, 
are briefly summarized as follows: 

1926 Silicosis was made an industrial disease for 
compensation purposes (at industry’s request). 
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1928 Legislative provision was made for compul- 
sory preemployment x-ray examinations and 
certification for dust-exposure occupations (at 
industry’s request). 


1925 and continuing 
(a) Dust prevention. 
(b) Dust collection. 


(c) Design of machines to avoid making dust. 
Improvements in mine ventilation have been 
such that in many mines a greater tonnage 
of air is now pumped underground than the 
tonnage of ore hoisted. 


1944 General application of aluminum powder pro- 
phylactically in Ontario gold mines. 


The mines would like to be able to assess 
the value of any one of these changes in the 
over-all improvement in the silicosis situation 
as demonstrated. The long period of ex- 
posure required to develop silicosis and the 
practical difficulties in setting up controls 
make such an appraisal at this time difficult, 
if not impossible. 

We are satisfied that preemployment x-ray 
examinations, practiced since 1929, are im- 
portant. 

We are satisfied that the control and re- 
moval of dust, together with improved ven- 
tilation taken in hand in 1925 and worked 
at assiduously since then, are important fac- 
tors. After nearly 30 years, however, silicosis 
has not been entirely eliminated. 

In the light of the more rapid improvement 
in the silicosis situation since 1946 (Tables 
1 and 2), we are satisfied that aluminum pro- 
phylaxis administered generally to all gold- 
mining employees since 1944, demonstrated 
to be effective in the prevention of silicosis 
in animals, may have been a factor. 

More time will be required to demonstrate 
the actual position of aluminum prophylaxis 
in this regard, but, in the meantime, after 
some 11 years of continual application, no 
cases have arisen which demonstrate or even 
indicate any ill effects. 


SILICOSIS IN ONTARIO FROM OTHER 
INDUSTRIES THAN MINING 


In preparing this review of silicosis in the 
mining industry of Ontario, there has been 
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available factual information in the form of 
x-ray films, listed results of physical and 
x-ray examinations, records of dust exposure 
from the mining companies, and decisions of 
the Workmen’s Compensation Board of On- 
tario over the years as to compensability on 
account of silicosis of the persons concerned. 
There has also been available the expert 
opinion of members of the Silicosis Referee 
Board of Ontario as to the date when silicosis 
as defined in the Act first made its appear- 
ance. In these circumstances, the story of 
the history of the known cases of silicosis 
that have occurred over the years may, for 
all practical purposes, be considered factual. 

To use this material, however, in assessing 
the position of silicosis in the rest of Ontario, 
let alone in the rest of Canada, raises real 
difficulties. 

In no other area, nor among any other 
group of workmen employed in a complete 
industry, of which I am aware, do any such 
records exist as have been available in the 
preparation of this material. 

First, in Ontario other industries than 
mining have their silicosis problems, and 
while dust exposure may in some be severer 
than that found in mining, one can be sure 
that the gross amount of silicosis found in 
all such would be only a fraction of that 
found in mining by reason of the great dis- 
parity in the total number of employees. 


SILICOSIS IN THE REST OF CANADA 


Omitting references to provinces where 
mining and other forms of industry involving 
exposure to dust are not found on as com- 
parable a scale as in Ontario and where little, 
if any, silicosis would be expected, it has been 
found that in 1951, for example, the propor- 
tion of the total Canadian population in On- 
tario and other provinces that might be 
classed together was as follows: 


Province Per Cent 
29.0 


: 
- 
2 
: 
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SILICOSIS IN CANADA 


On the basis of the actual value of mineral 
production, the corresponding figures for 
these provinces in 1953 were as follows: 


Province Per Cent 
34.6 
19.0 


Lacking more definite information, it 
might be assumed that the production of sili- 
cosis in these other provinces bears some 
comparable relation to the figures covering 
population or value of mineral production. 


As a check in part to estimates made on 
the basis of any of the above figures, the 
Workmen’s Compensation Board of the 
Province of British Columbia for the year 
ended Dec. 31, 1953, reported that, during 


COMMENTARY ON REFERENCES BY N. F. 
THE SILICOSIS PROBLEM IN ONTARIO 


ANDREW R. RIDDELL, M.B., D.P.H., Toronto, Canada 


Mr. Parkinson has asked me to enlarge on some 
features of the mining situation and, in addition, 
to say a few words in regard to silicosis in indus- 
tries in Ontario other than mining in which work- 
men encounter silica dust. 


We are advised that 1164 persons are known 
to have contracted silicosis in the Ontario mines. 
Forty-five of these entered the industry and, as 
far as is known, were first exposed to silica 
dust after 1928, when the preemployment examina- 
tion of prospective miners was instituted. This 
group represents a very small fraction of the miners 
who commenced work in the industry after 1928. 
They developed the disease in spite of greatly 
improved working conditions and special arrange- 
ments for the selection of persons suitable for dust 
exposure. What is the explanation? 


The medical records on each of these cases are 
very complete. They include clinical data and 
serial chest radiograms prepared at the time each 
miner entered the industry and at yearly intervals 
during his employment there. Each miner in the 
group has filed a claim with the Workmen’s 
Compensation Board, in connection with which he 
was further examined and x-rayed. Subsequent 


Recorded for publication June 20, 1955. 
Division of Industrial Hygiene, Department of 
Health for Ontario. 


the 18 years since silicosis became a com- 
pensable disability in that province, 616 
workmen have been given compensation for 
impairment therefrom. The only comment 
I would make in this regard is that, even 
though some of the 616 cases arose through 
other industries than mining, the proportion 
in relation to Ontario mining cases seems 
high at about 54% of our 1146, while their 
population is just over 25% of our Ontario 
population and their value production of 
minerals about 35% of our value production. 
Unfortunately, I have no similar figures to 
give you on the situation in Quebec or other 
provinces. 


Assistance in the preparation of data was rend- 
ered by Dr. A. R. Riddell and other members of 
the Silicosis Referee Board of Ontario. 


PARKINSON CONCERNING 


to his initial examination for compensation pur- 
poses, each has been under periodic medical super- 
vision. Most have had periods of observation and 
treatment in sanatoria or general hospitals. All 
the deceased have been autopsied. Thirty-four of 
the miners are still living; eleven have died. 

Some of the important data on these cases are 
listed in Table 1. 

All the miners in the group developed silicosis 
rapidly after periods of dust exposure which were, 
on the average, about half the period given by 
Mr. Parkinson as average for miners at the 
present time. Evidently these persons were especial- 
ly susceptible to injury by silica. Although tubercu- 
lous infection may not explain the susceptibility in 
all these cases, it appears significant that 28, or 
slightly more than 60% of them, were definitely 
suffering from tuberculosis and that in 8 others, 
or almost 18%, tuberculosis was suspected. These 
cases are not, at least in the first instances, cases 
of what in this country often is termed silico- 
tuberculosis. Rather are they cases of tuberculo- 
silicosis. The term seems to have considerable 
merit. Most of these cases are not overtly tubercu- 
lous when first seen. Nevertheless, in our experi- 
ence tuberculosis should always be suspected as 
a factor in cases that develop quickly after short ex- 
posures or in those in which the pulmonary fibrosis 
continues to progress long after exposure has 
ceased. Silicosis and tuberculosis are peculiarly 
related. This should always be kept in mind by 
those concerned with the medical selection of 
persons for exposure to silica dusts. A review of 


63 


4 
by 
4 
2 
: 
ike: 
- 
: 
4 


A. BM. 


Taste 1.—Data on Forty-Five Cases of Silicosis Contracted in 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 


Ontario Mines 


Whole Group 


Miners with Suspected 
Tuberculosis * 


Miners with Tuberculosis 


Miners Apparently Free 
from Tuberculosis 


28 


9 
Age at Commencement Average, Age When First Average, Average, 
of Exposure, Yr. Fe. Siliecotic, Yr. Yr. Exposure, Yr. Yr. 
19 29.9 28 41.9 5 11.7 
Deaths 
Age at Which Age When 
Age at Exposure First 
Death, Commenced, Silicotic, Exposure, 
=. Cause of Death 
39 22 37 15 Pulmonary tuberculosis 
53 30 39 9 Bronchogenie carcinoma; active tuberculosis 
5 21 34 12 Pulmonary tuberculosis 
30 48 12 Lung infarct following operation for intestinal 
obstruction; no tuberculosis 
46 26 35 it) Pulmonary tuberculosis 
54 29 45 21 Bronchogenie carcinoma; active tuberculosis 
51 27 44 11 Right heart failure; cor pulmonale; obsolescent 
tuberculosis 
40 23 40 11 Pulmonary tuberculosis 
42 24 40 13 Pulmonary tuberculosis 
40 22 3 9 Pulmonary tuberculosis 
61 36 52 7 Carcinoma involving sacrum; no tuberculosis 


* Not yet definitely determined. 


medical data and the serial chest radiograms on 
this group of cases suggests that some of the 
persons concerned were poor risks for exposure 
to silica dust at the time they were hired. 

Our information in regard to the silicosis situa- 
tion in Ontario in industries other than mining is, 
at best, approximate. Until the Silicosis Act of 
1952 was passed, the records pertaining to this 
matter were imperfect. The institution of pre- 
employment examination of candidates for employ- 
ment in most industries covered by the legislation 
and the periodic examination of workmen already 
employed, as is required by the Act in certain 
industries, has added to our information, but some 
time must elapse before our records are built up 
to the point where they are of much value. 

Even as things stand, our records have some 
value, however. Prior to the passing of the Act, 
many workers in these industries had been exam- 
ined by the Division of Industrial Hygiene of the 
Ontario Department of Health. Beginning in the 
early 1920's, surveys were conducted in many plants 
where workmen are exposed to silica dust. From 
1940 onward, periodic examinations were made in 
some of these plants. Unfortunately, the examina- 
tions were conducted on a voluntary basis by ar- 
rangement with the managements of the participat- 
ing plants. As they were done at irregular intervals, 
the coverage was not complete. Compensation 
claims also have supplied considerable information. 
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For many exposures, however, the period covered 
by compensation claims dates back only to the 
neighborhood of 1935. This source of information, 
therefore, has many limitations and is not as useful 
as it is in the case of miners. 

In Tables 2, 3, and 4, which follow, information 
regarding silicosis in these industries is displayed. 

The data contained in these tables seem to war- 
rant, insofar as the Ontario experience is concerned, 
the following conclusions : 


TasLe 2.—Distribution of 578 Known Cases * of 
Silicosis and Other Occupational Pulmonary 
Diseases in Certain Hazardous 
Industries in Ontario 


Workers in Workers Workers 

Exposure, with Still at 

Approx. Silicosis, Work, 
Industry No. No. No. 
20,000 426 298 
Granite cutting............. 300 37 20 

Porcelain and pottery 

manufacturing .......... 2,100 58 53 
Silica brick making, ete... 805 31 18 
2,300 26 + 20 


* These were still alive in January, 1955. ; 
+ Includes silicosis and other forms of pneumoconiosis. 


1. Many persons with silicosis can continue in 
gainful employment in their accustomed occupa- 
tions or at other suitable work. 
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SILICOSIS IN CANADA 


TABLE 3.—Analysis of 356 Silicosis Claims * 


Industry No. 
Stone 29 
Porcelain and pottery makers................ 35 
Other ceramic workers, mixers, grinders, ete. 7 
Makers of abrasive powders t................ 6 


Average Average 
Age When Age at 
Examined Commence- Average Age 
After Claim ment of When Ffrst Average 
Filed, Exposure, Silicotie, Exposure, 
58.5 22.8 55.4 30.7 
57.8 17.7 55.4 34.1 
46.3 22.1 42.6 21.0 
55.4 25.4 53.1 22.4 
52.4 30.4 49.3 17.3 
48.9 34.5 46.9 13.3 


* These persons had filed claims for workmen’s compensation and were living when the compensation was made. 
t One had 33 years’ exposure; with this case omitted, the average years of exposure were 9.9 years. 


TABLE 4.—Mortality Statistics for 385 Deceased Persons with Silicosis from Three 
of the More Important Exposures * 


Average Age Average 
at Death, Exposure, Deaths Contributed 
Industry No. Yr. Yr. to by Silicosis 
WOE hiciissccsccisarssiiscs 272 63.3 31.8 59.2, including 39.7% due to tbe. 
Granite and sandstone cutters. 88 59.7 82.7 69.3, including 54.5% due to tbe. 
Ceramic industries............... 25 57.0 20.2 76.0, ineluding 52.0% due to tbe. 


* Autopsies were conducted on slightly more than 32% 


2. The incidence in most industries in which 
workers encounter silica dust in Ontario is not 
high. 

3. In general, exposures in which casual labor is 
used are severer than are those in which skilled 
labor is employed. 

4. Although silicosis sometimes contributes to the 
early death of affected persons, in general it does 
not at present appreciably decrease life expectancy. 

5. Silicosis is much more important as a cause of 
disablement than as a direct or contributory cause 
of death. 

6. Tuberculosis is still the most disabling factor 
and the chief cause of death in silicosis. 

From time to time inquiry is made concerning the 
incidence of silicosis in the various Ontario expos- 
ures. Mr. Parkinson has explained the difficulties 
which surround any attempt to arrive at a reliable 
incidence rate for the mining industry, in connec- 
tion with which records covering a period of more 
than 25 years are available. It is even more diffi- 
cult to determine incidence in other industries. You 
were advised that no records comparable with those 
for the mining industry are available in these in- 
dustries. In industries such as the foundry industry, 
labor turn-over is high, and fluctuation in produc- 
tion constantly alters the number of persons in 
employment. The majority of foundry workers in 


of these cases. 


Ontario who have contracted silicosis entered ex- 
posure early in the century. Some, in fact, began 
foundry work in the late 1890's. In a few instances, 
exposure had occurred in Europe, in the United 
States, and elsewhere, as well as in Ontario. Spe- 
cial difficulties are encountered in regard to the 
granite-cutting industry. A large proportion of the 
Ontario cases from that industry occur in persons 
who were initially employed cutting stone in 
Aberdeen, Scotland, or in Barre, Vt. It is impos- 
sible at this time to determine which exposure was 
the more important. Where so much is unknown 
and not obtainable, incidence rates have little mean- 
ing. 

Mr. Parkinson’s observations in regard to the 
present situation in the Ontario mining industry, 
particularly that branch concerned with geld min- 
ing, are very encouraging. The improvement that 
has occurred during the period under review war- 
rants the belief that further improvement may be 
expected. It cannot be looked for, however, unless 
the preventive measures now in force are continued 
and vigorously pursued. It is our hope that over 
the years the control measures recently instituted 
in Ontario in respect of the other silica industries 
may prove equally effective. 


It has been a pleasure to contribute something 


to the discussion of this very interesting paper. 
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neumocontiosis 


MORRIS KLEINFELD, M.D. 

JACQUELINE MESSITE, M.D. 

and 

IRVING R. TABERSHAW, M.D., New York 


Since Thorel’s original study in 1896,’ 
when tale pneumoconiosis was first recog- 
nized as a distinct pathologic entity, numer- 
ous clinical and experimental reports have 
continued to appear in the literature. The bulk 
of these reports have related to workers in 
talc mills and mines and to those engaged in 
the rubber industry.* Three investigations 
of the talc industry were carried out in New 
York State. Dreessen’s study of 57 men ex- 
posed to tremolite revealed an incidence of 
fibrosis above average (67%) but of a non- 
disabling character. In contrast to Drees- 
sen’s * observations, the findings of Porro, 
Patton, and Hobbs,*® based on 15 cases with 
5 postmortem examinations, showed that 
pneumoconiosis causing disability and death 
does occur in tale workers and that patho- 
logical tissue changes are principally due to 
talc itself. In 1943, Siegal, Smith, and Green- 
burg ® reported on the dust hazard in tremo- 
lite talc mining, including roentgenologic 
findings in tale workers, and their findings 
and conclusions were similar to those of the 
latter. 

Since the roentgenograms and histories of 
the 32 cases reported on by Siegal and asso- 
ciates ® were still available after 14 years, a 
follow-up study was undertaken in order to 
(1) ascertain the health status of this group, 
(2) evaluate the present operations and dust 
concentrations of the tale mines and mills, 


Recorded for publication April 6, 1955. 

From Division of Industrial Hygiene, 
York State Department of Labor. 

* References 2 and 3. 

+ References 4 to 6. 
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and (3) do a comparative study of the work- 
ers employed before and after the newer 
engineering techniques had been introduced 
(1943). The present paper deals largely 
with the first two objectives; the third is 
now in progress and will be reported at a 
later date. 


FINDINGS 


Environmental Data—A _ study of the 
operations and dust concentrations of the 
talc mills and mines at this time shows a 
marked improvement in the engineering 
techniques from that found in 1941, and this 
is reflected in an appreciable decrease in 
the dust exposure. From 1943 to 1948, a 
number of corrective measures were insti- 
tuted to reduce the dust concentrations and 
included the following: (a) wet drilling in 
mines ; (b) enclosure of elevator and chutes ; 
(c) installation of automatic bagging ma- 
chines; (d) conveyorized car loading; (e) 
discontinuance of blow rooms, and (f) pro- 
vision of local exhaust ventilation. The dust 
concentrations obtained at the mills before 
and after improvements were instituted are 
summarized in Table 1. 

Medical Data.—Deceased : Of the original 
32 patients, 19 have since died, and the 
causes of death obtained from the hospital 
records, physicians’ files, or death certificates 
are given in Table 2. No necropsy data are 
available to confirm the clinical diagnosis. 
The ages of the 19 that died ranged from 
48 to 84 years, and in the 4 whose cause of 
death was believed to be due to pulmonary 
failure associated with tale pneumoconiosis, 
the ages varied between 60 and 79 years. 

Living: Thirteen of the original 32 are 
still alive, and of these 7 have retired and 6 
are gainfully employed. The ages of the re- 
tired group vary between 63 and 83 years; 
the ages of the actively employed, between 
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TALC PNEUMOCONIOSIS 


TABLE 1.—Comparative Dust Count* Data at Several New York State Tale Mines and Mills 


Original Study (1941) 


Follow-up Study (1954) 


“Low Medium High Average ne Low Medium High Average 
Mines 
83 413 2,800 818 0 2 8 3 
PEE Saridnciicnvnanietesconnen 2 36 475 120 3 4 5 4 
Mills 
22 69 690 180 3 13 360 63 
43 61 136 69 8 35 68 37 
32 75 271 92 5 15 40 20 
Garners and separators.......... 58 70 728 278 3 9 21 ll 
26 129 520 151 5 16 90 23 
< 21 83 440 125 Discontinued 
65 70 85 69 5 18 40 19 


* Dust counts are in million particles per cubie foot. 
t High count due to leakage from conveyor enclosure. 


TABLE 2.—Causes of Death in Talc Pneumoconiosis 


Patient Age, Yr. Cause of Death * 
L. A. Unknown Fraetured skull 
G. B. 63 Carcinoma of G.I. tract 


W.H.D. S4 (1) Hypertensive cardiovascular 
disease 


(2) Cerebral hemorrhage 


F.D. 53 (1) Cerebral hemorrhage 

(2) General arteriosclerosis 
B. F. 60 (1) Pulmonary insufficiency 

—pneumoconiosis 

(2) Congestive heart failure 
A. G. Unknown Unknown 
G. J. 68 Acute myocardial infarction 
D. K. 68 Acute myocardial infarction 
H. L. 56 Acute myocardial infarction 
Unknown Mesothelioma of pleura—pneu- 


moconiosis (bilateral) 


Patient Age, Yr. Cause of Death * 
F. L. 62 Acute myocardial infarction 
Cc. L. 57 Carcinoma of stomach 
J.M. 65 Carcinoma of pancreas 
68 Pulmonary failure associated 
with pneumoconiosis 
w.o. 48 Duodenal ulcer 
L. 8. 72 Pulmonary failure due to 
pneumoconiosis 
R. 8. 79 (1) Pneumoconiosis 


(2) Myocarditis 
Unknown 
Carcinoma of G.I. traet 


GF Unknown 
B. 58 


* Causes of death were obtained from the following sources: (1) private physicians; (2) hospital records, and 
’ 


(3) death certificates. 


45 and 64 years. A summary and analysis of 
the clinical and laboratory findings are seen 
in Table 3. 

COMMENT 


In view of the comparatively small num- 
ber comprising this investigation, no signifi- 
cance can be attached to age incidence of the 
deceased and living groups. It is noteworthy, 
however, that the age range in the retired 
workers was between 63 and 83 years and 
that in the four deceased, whose cause of 
death was believed to be due to pulmonary 
insufficiency associated with talcosis, the 
ages varied between 60 and 79 years. Al- 
though no statistically significant correlative 
data can be formulated between the duration 
of tremolite talc exposure and longevity, it 
is of interest that an above average life span 


may occur, following prolonged exposure to 
tale dust and associated with pulmonary dys- 
function (Tables 2 and 3). 

Analysis of the medical data of the living 
shows many similarities to those reported in 
the literature.t Clinically, the outstanding 
features are dyspnea, productive cough, ab- 
normal chest findings (diminished breath 
sounds, basal rales, limited chest expansion), 
clubbing, and a roentgenographic picture de- 
scriptive of pneumoconiosis. Clinically, the 
course is relatively slow but progressive, and, 
similar to silicosis, the clinical picture does 
not retrogress with marked improvement of 
the industrial environment or upon retire- 
ment. Dyspnea is present in 100% of the 
group and is sufficiently pronounced to limit 


t References 5 to 7. 
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TALC PNEUMOCONIOSIS 


Fig. 1—A, Patient S. W., 1941, characteristic basal infiltrations are seen. B, Patient S. W.., 
1954, note giant bulla in R. U. L. and prominent hilar markings. 
the ordinary routine physical activity of the located basally and in the midlung fields and 
worker to a moderate degree. of bilateral distribution, with the apices rela- 
Of extreme interest are the findings in tively spared. In several, the infiltration is 


the chest x-rays. The basic lesion is an in- nodular in character. Emphysematous bullae 
terstitial infiltration of variable intensity, of varying sizes are observed in four (Fig. 


Fig. 2.—A, Patient B. M., 1941, pericardial and diaphragmatic plaques are seen. B, Patient 
B. M., 1954, pericardial and diaphragmatic plaques are more pronounced. 
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A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


1A and B). A most striking finding is the 
presence of opaque densities, varying from 
single linear strands in the region of the 
diaphragm to massive deposits, bizarre in 
shape, extending over a large part of the 
lung field and occasionally on the peri- 
cardium (Fig. 2A and B). These deposits, 
referred to as tale plaques by Siegal and as- 
sociates,® are observed in all but one of the 
cases studied. Cardiac enlargement is pres- 
ent in four persons, in two of whom the 
cardiac configuration is suggestive of cor 


1941. As mentioned previously, two of the 
present chest x-rays showed cardiac con- 
figurations suggestive of cor pulmonale, but 
of even added significance, a markedly de- 
creased cardiac silhouette is noted in one pa- 
tient (G. S.) and is strongly suggestive in 
another. The cause for this is not clear. It 
is possible that pleural pericardial adhesions, 
associated with the plaque formation, and 
subsequent retraction and limitation of the 
pericardium may possibly account for this 
decreased cardiac silhouette. 


Fig. 3.—A, Patient J. J., 1941, marked basal infiltrations are noted. B, Patient J. J., 1954, 
progressive infiltration extending to upper lobes is seen; there is a dilated heart; clinical 


picture is one of cor pulmonale. 


pulmonale. The pulmonary arteries and 
branches are prominent in a number of the 
chest x-rays. When comparisons are made 
with the roentgenograms taken in 1941, it 
is of interest to note that, although variable 
progression occurred in the majority of the 
patients (Fig. 34 and B), the most out- 
standing revelation is that what in retrospect 
had appeared to be severe pulmonary involve- 
ment in the original series cannot be so con- 
sidered in the light of a 14-year interval. 
Furthermore, the hilar adenopathy which is 
seen in six of the present series in retrospect 
was also present in three of the x-rays in 
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No correlation between symptomatology 
and x-ray findings is noted, and this has 
been observed by others.§ Although the 
series is small, there appears, nevertheless, a 
trend between the degree of clubbing and 
chest x-ray involvement; those with severer 
clubbing show more extensive pulmonary in- 
volvement. 


Six out of 11 show abnormal electrocardio- 
graphic configurations, such as (a) pattern 
of right ventricular hypertrophy (2); (b) 
pattern of left ventricular hypertrophy (2) ; 


§ References 6 and 8. 
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TALC PNEUMOCONIOSIS 


(c) abnormal rhythm (1), and (d) non- 
specific T-wave alterations (1). There is a 
suggestive trend between clubbing and ab- 
normal electrocardiographic findings. In 
five, whose electrocardiograms are normal, 
only one shows clubbing, and this to a mini- 
mal degree ; in the six with abnormal electro- 
cardiograms, clubbing varies from a moder- 
ate to a marked degree, being severest in 
the two with the right ventricular hyper- 
trophy pattern. It is noteworthy that in the 
latter two, the clinical picture is characteristic 
of cor pulmonale. The incidence of the latter 
in tremolite pneumoconiosis is unknown; 
however, histologic evidence reported by sev- 
eral investigators ° confirms an etiological 
relationship. Jaques and Benirschke * have 
reported not only generalized thickening of 
all the pulmonary arteries, with cardiac en- 
largement associated with progressive pul- 
monary talcosis, but also a granulomatous 
involvement of myocardium per se. In view 
of the paucity of the available pathological 
data on human pulmonary talcosis, the mech- 
anism underlying the development of cor 
pulmonale is not clearly defined. 

The peripheral blood findings are not re- 
markable and indicate that the peripheral 
blood does not reflect the physiopathologic 
changes associated with tale pneumoconiosis. 

The workers presently observed are well 
developed and well nourished, in contrast to 
the observations made by Siegal and asso- 
ciates,° and no reason can be offered to ex- 
plain this apparent difference. 

The results of the present study confirm 
the findings of other investigators that talc 
per se does produce a distinct fibrosing 
pneumoconiosis, and it has been suggested 
that this slowly developing fibrogenic dis- 
order may be allied to asbestosis.*° Accord- 
ing to McLaughlin, the evidence favors that 
tale pneumoconiosis is caused only by the 
fibrous varieties of talc. The asbestine variety 
of the tale found in our study may therefore 
explain the close resemblance of the x-ray 
picture to that of asbestosis. It is significant 
that asbestos bodies, first emphasized in 
talcosis by Gardner, are almost invariably 
present in cases of talcosis in which tale fi- 


bers are of an appreciable length.’® This has 
been observed histologically by several in- 
vestigators ° and by ourselves.|| In essence, 
this pneumoconiosis consists of a dense 
fibrosis which is particularly prevalent peri- 
bronchially and perivascularly and occurs in 
sheets, occasionally assuming a nodular con- 
figuration; the latter finding has been sug- 
gested as representing a reaction to the quartz 
content of the tale. The hilar lymph nodes 
are generally described as showing no en- 
largement or fibrosis, and on microscopic ex- 
amination they are reported to contain talc- 
laden macrophages and the tale content to 
be of considerable magnitude. 

It is appreciated that some of the workers 
may have been exposed to a relatively high 
concentration of quartz at some phase of 
their operation, but it appears highly unlikely 
that this was uniformly present for all the 
workers, particularly in view of the con- 
sistent finding of low free silica content in 
both the mills and the mines. Furthermore, 
evidence has been presented by recent in- 
vestigators { that moderately advanced pneu- 
moconiosis is caused by tale in the absence 
of any silica in the tale mixture or in the 
atmosphere. It is not unlikely that some of 
the commercial preparations of tale which 
have different mineralogic and chemical 
characteristics, as pointed out by Hogue and 
Mallette,’* may require a long exposure be- 
fore chest x-ray evidence or symptoms ap- 
pear. From observations of Siegal and as- 
sociates,® 10 years are required between ex- 
posure and onset of symptoms. 

What the specific factors are in the causa- 
tion of tale pneumoconiosis are not known. 
There is need for more epidemiologic studies 
where environmental conditions are well con- 
trolled and the life course of the worker is 
closely followed. This would permit a better 
statistical analysis of data than is now possi- 
ble. There is also a need for further experi- 
mental and biochemical research in this field, 
and it is more than likely that the utilization 
of all three approaches will lead to the estab- 


|| Kleinfeld, M.: Unpublished data from personal 
observation. 
{ References 9 and 10. 
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lishment of better defined criteria and a 
clearer understanding of the mechanism and 
pathogenesis of tale pneumoconiosis. 


SUMMARY AND CONCLUSIONS 


The health status of a group of 32 talc 
workers, whose roentgenograms and_his- 
tories were available after 14 years, were 
restudied, and the following data were ob- 
tained. 


1. Nineteen of this group had died; their 
ages at death varied between 48 and 84 years. 
In four, whose death was believed due to pul- 
monary failure associated with tale pneu- 
moconiosis, the ages varied between 60 and 
79 years. Of the living, six are gainfully 
employed. 

2. The outstanding clinical features in- 
volve the pulmonary and cardiovascular sys- 
tems. Dyspnea and cough are frequent. 
Emphysema, basal rales, diminished chest 
expansion, and clubbing are the striking phy- 
sical findings. 

3. The characteristic chest x-ray is that of 
a diffuse infiltration of the basal and midlung 
fields, with occasional nodularities seen. 
Emphysematous bullae, hilar adenopathy, 
and cor pulmonale are not infrequent. Talc 
plaques, located in the region of the dia- 
phragm, pericardium, and extending over a 
large part of the lung field, are consistently 
observed but do not reflect the degree of pul- 
monary involvement. Likewise, no correla- 
tion between symptomatology and x-ray find- 
ings is observed. 

4. Abnormal electrocardiograms are seen 
in six and include patterns of right ventricu- 
lar hypertrophy (two) and left ventricular 
hypertrophy (two); abnormal rhythm 
(one), and nonspecific T-wave alterations 
(one). The two persons demonstrating a 
right ventricular hypertrophy pattern had 
other features suggestive of cor pulmonale. 
There is a suggestive trend between degree 
of clubbing and abnormal electrocardio- 
graphic findings. 

5. The peripheral blood findings are not 
remarkable and do not reflect the changes in 
the pathophysiology of this disorder. 
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6. In general, the workers appear well de- 
veloped and well nourished in contrast to 
observations reported in 1941. 

Although progression was observed in all, 
the clinical course is relatively slow, and in 
spite of the presence of moderate infiltration 
and pulmonary dysfunction, six of the work- 
ers are still actively employed. 

The marked improvement in engineering 
methods is reflected in an appreciable de- 
crease in the dust exposure. The pathologi- 
cal picture, however, did not retrogress with 
improvement of the industrial environment 
or upon retirement. 


Assistance was rendered in the present study by 
Dr. Jesse R. Patton, of Ogdensburg, N. Y., by 
Mr. John Kean, Superintendent, and Miss J. 
Bishop, of the X-Ray Department of Edward 
Noble Hospital, Gouverneur, N. Y., and by our 
Industrial Hygiene Engineering Unit. 


REFERENCES 

1. Thorel, C.: Die Specksteinlunge, Beitr. path. 
Anat. 20:85, 1896. 

2. Marshall, G., and Perry, K. M.: Dis. Chest, 
London 2:262, 1952. 

3. McLaughlin, A. E.: Cited by Doig, A. T.: 
Other Lung Diseases Due to Dust, Postgrad. Med. 
J. 25:639-649 (Dec.) 1949. 

4. Dreessen, W. C.: Effects of Certain Silicate 
Dusts on the Lungs, J. Indust. Hyg. 15:66-78 
(March) 1933. 

5. Porro, F. W.; Patton, J. R., and Hobbs, A. 
A.: Pneumoconiosis in the Tale Industry, Am. J. 
Roentgenol. 47:507-524 (April) 1942. 

6. Siegal, W.; Smith, A. R., and Greenburg, L.: 
Dust Hazard in Tremolite Tale Mining, Including 
Roentgenological Findings in Tale Workers, Am. 
J. Roentgenol. 49:11-29 (Jan.) 1943. 

7. Mann, B., and Deasy, J. B.: Tale Pneumo- 
coniosis in the Textile Industry, Brit. M. J. 1:1460- 
1461 (Dec. 18) 1954. 

8. Dreessen, W. C., and Dalla Valle, J. M.: 
Effects of Exposure to Dust in Two Georgia Talc 
Mills and Mines, Pub. Health Rep. 50:131-143 
(Feb.) 1935. 

9. Jaques, W. E., and Benirschke, K.: Pul- 
monary Talcosis with Involvement of the Stomach 
and the Heart, A. M. A. Arch. Indust. Hyg. 
5:451-463 (May) 1952. 

10. McLaughlin, A. I. G.; Rogers, E., and Dun- 
ham, K. C.: Tale Pneumoconiosis, Brit. J. Indust. 
Med. 6:184-194 (July) 1949. 

11. Hogue, W. L., Jr., and Mallette, F. S.: A 
Study of Workers Exposed to Tale and Other 
Dusting Compounds in the Rubber Industry, J. 
Indust. Hyg. & Toxicol. 31:359-364 (Nov.) 1949. 


. 
* = 
. 
4 


P, neumocontosts on fhe * Gold Field, 


GEOFFREY E. FFRENCH, M.A., M.D., F.R.C.P. (C), 
Oakville, Ont., Canada 


INTRODUCTION 


Pneumoconiosis has been a compensable 
condition in the Kolar Gold Field * since 
1940 and continues to be a potential hazard 
only because up to now, although there may 
be considerable dust retention within the 
lungs of underground workers after a period 
of 10 to 15 years, little disability is en- 
countered. It does not primarily manifest 
itself as a clinical disease in the true sense 
of the word but rather as a radiological con- 
dition. The potential danger is the association 
with tuberculosis, which will be discussed 
later. 

The type of mining carried out on the 
Kolar Gold Field requires the drilling and 
working of quartz. The quartz occurs in 
reefs, varying from a few inches to 6 ft. in 
width, which dip at a sharp angle. Over a 
considerable length of time—70 years—great 
depths, down to 9900 ft. have been reached 
and are being worked. At these depths the 
dry- and wet-bulb temperatures are high, and 
the use of water in dust prevention is ex- 
cluded.+ The quartz reef is encased in vary- 
ing widths of lode matter formed from the 


Recorded for publication April 7, 1955. 

Formerly Senior Assistant Medical Officer, 
Kolar Gold Field. 

* The Kolar Gold Field is situated on the eastern 
border of Mysore State, South India, in latitude 12° 
57’ N. and 78° 18’ E., at a height of 2893 ft. above 
sea level. 


adjacent hornblende schist, and these lodes 
and hornblende schists are composed of sili- 
cates of Al, Mg, Fe, Ca, Na, and K (Ray 
and associates,’ 1952). 

The average underground workman is of 
Dravidian stock. Most of the workers came 
originally from the North Arcot District of 
the Madras State. Many of them are second- 
or third-generation born on the Field. They 
work in the mines throughout the year, 
except for short vacations, and usually com- 
plete 30 to 35 years of service before retiring. 
It is not exceptional to find men who have 
worked underground for 50 years. The usual 
age of beginning work is between 18 and 25. 


DEFINITION 


The Mysore Silicosis Rules allow any man 
to retire with compensation if he has simple 
pneumoconiosis or to continue at work if he 
wishes. If he elects to do the latter, he for- 
feits present or future compensation should 
he later develop tuberculosis. If, on the other 
hand, he develops the infective type in the 
beginning, then he must retire, and he re- 
ceives a greatly increased compensation. 
Pneumoconiosis is defined in three stages: 
(1) anteprimary 


radiological evidence only, 


+ The rock temperature at a vertical depth of 
9129 ft. is 143 F, and the geothermal gradient is 
1 F per 110 ft. of depth in deep levels. Due to the 
autocompression of the air on account of the rise 
in barometric pressure from 27 in. at surface to 
36 in. at a depth of 9000 ft., there is not only a 
reduction in volume but also a rise of temperature 
of 1 F per 190 ft. in depth. In order to improve the 
ventilation, the downcast air is dehumidified and 
cooled, and the volume supplied varies from 100,000 
to 200,000 cu. ft. per minute. Consequently the dust 
is constantly stirred and kept air-borne. Extractor 
units at the rock face are used, and attempts are 
made continually to remove the dust hazard. 
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Fig. 1—Right midzone of lung of machine man 
of eight years’ underground service. The vague 
annular shadows can be seen in the third and fourth 
intercostal spaces, measuring from 2 to 5 mm. This 
is the prepneumoconiotic stage. 


without disability; (2) primary—radiolog- 
ical evidence, with symptoms causing incom- 
plete disability ; (3) secondary—radiological 
evidence of pneumoconiosis, with clinical and 
radiological findings of active tuberculosis 
and/or complete disability. 


One stage is deemed to have developed 
into the next if chest pain, limitation of ex- 
pansion, and dyspnea supervene, but this is 
an infrequent occurrence during the average 
working life unless tuberculous infection 
supervenes. 


The first comprehensive study of pneumo- 
coniosis on the Kolar Gold Field was made 
by Caplan and Burdon * (1947). Since then, 
other workers have used their classifications 
and findings and modified them in the light 
of subsequent studies until the following 
clinical, radiological, and pathological criteria 
have been adopted, which are in accord with 
the original Mysore Silicdsis Rules. 


CLINICAL DIAGNOSIS 
There are usually no complaints or clinical 
findings in the anteprimary stage, which 
occurs in between 64% and 93% of those 
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classified as pneumoconiotics.t In the pri- 
mary stage the following may be found: 


1. Ceci gh and mild degree of shortness of breath 
occur on exertion. In all those cases with marked 
symptoms, emphysema or bronchitis is present. In 
cases with mild symptoms, great aggravation 
occurs following secondary respiratory infection, 
and bronchospasm may develop. 

2. Pain in the chest, retrosternal, unilateral, or 
bilateral, is often complained of, but its significance 
is not understood. 

3. Physical signs are limited to those with 
emphysema, bronchitis, or tuberculosis; in the 
latter case the condition is, ipso facto, in the 
secondary stage. 

4. Chest expansion below 1 in. is considered 
evidence of diminished function but is surprisingly 
rare even with advanced radiological changes and 
occurs only with advanced emphysema or infection. 

5. Exercise tolerance is again diminished only in 
the presence of emphysema and/or infection. 


The assessment of disability in these sub- 
jects is often difficult, due to the unreliability 
of their symptoms and difficulty in carrying 
out even the simple tests required; the sig- 
nificance of modern tests for pulmonary 
function would probably be equivocal. It is 


1948-1951 and 1953 Oorgaum Mine figures, 
respectively. 


Fig. 2—Right midzone of lung of machine man 
of eight years’ underground service. Smaller fine 
and punctate shadows are well seen in the third 
and fourth spaces and are quite discrete. The linear 
markings of the lung parenchyma are still well 
seen. This is anteprimary pneumoconiosis, moder- 
ately advanced. 
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Fig. 3.—Right midzone of lung of machine man 
with 24 years’ underground service. This is the 
typical picture of the fully developed anteprimary 
stage, with fine mottling, annular shadows, and 
haziness obscuring the lung markings. 


possible that some men even exaggerate their 
symptoms in order to obtain enhanced com- 
pensation. 


RADIOLOGICAL DIAGNOSIS 


Prepneumoconiotic Stage——A fine reticu- 
lation first appears in the right midzone, with 
small ring-like shadows from 2 to 5 mm. in 


Fig. 4—Heavily dust-laden lung with focal 
emphysema; the dust aggregates are seen in rela- 
tion to the blood vessels. Left upper lobe. 


FIELD 


diameter, at first vague in outline but later 
more discrete and smaller (Fig. 1). The 
underlying reticulation may give the appear- 
ance of haziness unless carefully examined. 
This stage does not denote a sufficient degree 
of dust reaction to categorize as pneumo- 
coniosis, but it is rather an alteration in the 
fine appearances of the lung through dust 
retention. The finding of increased hilar 
shadowing and radiating lung markings is 
not consistent, though these are present 
oftener than not; it is therefore not of value 
in ariving at a diagnosis. 

Fine Nodulation or Mottling—The fine 
reticulation is followed by the appearance 
of very small, discrete, annular, and punctate 
shadows, 1 to 3 mm. in diameter and even 
smaller if examined with a lens; the annular 
shadows predominate. They begin in the 
right midzone, later in the left midzone, and 
spread to peripheries, bases, and apices in 
that order, but the latter are affected only 
after many years’ exposure (Figs. 2 and 3). 

In both the above stages, the linear mark- 
ings of the lung parenchyma continue to be 
seen, together with the specific changes, and 
this is regarded as fundamental when asses- 
sing the degree of pneumoconiosis. 


Fig. 5—Very heavy peribronchial and _peri- 
vascular dust aggregates in a man who died of 
lobar pneumonia after 25 years’ underground service 
as a machine man. Right lower lobe. 
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Fig. 6.—Grade 1 fibrosis; the fine reticulin frame- 
work is supporting the dust particles. Silver impreg- 
nation; x 1000. 


Fig. 7—Grade 2 fibrosis; the reticulin is here 


more compact and coarser. Silver impregnation; 
x 1000. 


Fig. 8—Grade 2 fibrosis; the reticulin is com- 
pact, with early collagen formation. Silver impreg- 
nation; x 1000. 


Discrete Mottling Affecting the Whole 
Lung Fields ——The shadows are more nu- 
merous and slightly larger, but now only the 
heaviest lung markings are seen, and the 
picture suggests a very fine, ground-glass 
appearance. 

Diffuse Consolidated Shadows. — These 
shadows are indicative of active tuberculous 
infection which may obscure the underlying 
pneumoconiosis. 

When assessing these films, the following 
technique was strictly followed to gain uni- 
formity. The projection was posteroanterior, 
and the distance 72 in. The density of the film 
was such that the ribs and outline of the 
vertebral column could just be seen through 
the heart shadow, but not the intervertebral 
spaces. The contrast approaches black and 
white as far as possible. This is in accord 
with the suggestions put forward at the 
Third International Conference on Pneumo- 
coniosis, at Sydney, in 1950. By these means 
the normal lung markings are standardized, 
and it is found impossible to detect the early 
fine specific changes (Stages 1 and 2) ina 
film that does not reach this standard. 
Between 1950 and 1953 approximately 30,000 
films were examined and the above criteria 
were used, 


PATHOLOGICAL DIAGNOSIS 


Under the Mysore Silicosis Rules, autopsy 
must be performed in all cases where rela- 
tives of the deceased have applied for pneu- 
moconiosis compensation. The Labour Asso- 
ciations have advised the relatives to do this 
in almost every case of death in an under- 
ground worker where there has been no 
recent chest x-ray. As a result, the material 
available for examination over the past 12 
years has been considerable, and adequate 
criteria for histological diagnosis have been 
developed. 

Caplan and Burdon? (1947) have laid 
down the basic picture as follows: 

The characteristic lesion is the development and 
growth in size and number of dust-cell aggregates 
wherein there is a minimal tissue cell reaction. The 
histology remains almost unchanged even when 
the condition has reached an advanced stage, until 
a tuberculous infection is super-imposed, when 
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cellular infiltration, fibrosis and caseation become 
prominent features. 


The dust is deposited in the perivascular 


and peribronchial areas (Figs. 4 and 5) and 


in the noninfective cases is not associated 
with any significant degree of fibrosis by 


ordinary staining methods, and one should 


not confuse the mass of dust-cell aggregates 
with the typical silicotic nodule. With the 
use of silver staining (Gordon and Sweets,* 
1936) a fine reticulin framework supporting 
the dust particles at the aggregations is seen ; 
in the absence of infection this does not pro- 
gress to a significant degree. The assessment 
of pneumoconiosis in relation to the stages of 
progression of the fibrotic process introduced 
by Ray and associates,! (1952) has been 


dust accumulations and is not associated with 
interstitial fibrosis. 

Since 1951 large tissue sections have been 
prepared in Professor Gough’s laboratory in 
Cardiff from Kolar Gold Field lungs, and it 
has been possible to see very clearly the 
distribution of the dust in the uncomplicated 
cases, as well as the focal emphysema de- 
scribed above (Fig. 9). A comparison of the 
large tissue section with the x-ray film can 
be made and a clear relation defined. 


INCIDENCE OF PNEUMOCONIOSIS ON THE 
KOLAR GOLD FIELD 
Figures have been very difficult to collect, 
because under the Mysore Silicosis Rules 
workers engaged prior to 1940 were exam- 


TaBLE 1—lIncidence of Pneumoconiosis: 1948-1951 


All Mines on the Kolar Gold Field 


Total Anteprimary 
Miners Normal Pneumoconiosis 
Exanined, 

Year No. No. Per Cent No. Per Cent 
1948 3,707 3,586 96.736 87 2.347 
1949 2,575 2,505 97.281 39 1.515 
1950 4,762 4,628 97.186 4 1.974 
1951 2,871 2,804 97.666 31 1.080 

Total 13,915 13,523 97.183 251 1.804 


Primary Secondary Total 
Pneumoconiosis Pneumoconiosis Pneumoconioties 
No. Per Cent No. Per Cent No. Per Cent 
13 0.350 21 0.567 121 3.264 
13 0.505 18 0.699 70 2.719 
18 0.378 22 0.462 134 2.814 
17 0.592 19 0.662 67 2.334 
61 0.438 80 0.575 392 2.817 


used during the past year and has aided in 
getting a clearer picture. These authors 
describe five grades: 
Grade 
Grade 


1—loose reticulin fibrils with no collagen 


2—compact reticulin with or without some 
collagen 


Grade 3—somewhat cellular but made up mostly 


of collagen 
Grade 4—wholly composed of collagen fibers and 
completely acellular 


Grade 5—acellular, confluent, and collagenous 


Pneumoconiosis on the Kolar Gold Field 
never progresses beyond Grade 2 (Figs. 6, 
7, and 8), unless there is superadded infec- 
tion, when Grade 5 may be seen. 

An additional feature which has been 
noted is the ballooning out of alveoli on the 
periphery of large deposits, similar to the 
picture described by Gough and associates * 
(1949) in the pneumoconiosis of South 
Wales coal miners as “focal emphysema.” 
This, again, occurs only in cases with heavy 


ined only if they so wished. Large numbers 
of workers of the older age group did not 
avail themselves of this privilege. 

A tentative figure for the whole Field had 
been arrived at from a study of the men who 
received compensation between 1948 and 
1951 (Table 1). Of 14,000 men, 2.8% re- 
ceived compensation following clinical and 
radiological examination ; from mine records, 
the 14,000 corresponded to two-thirds of the 
average yearly underground strength, but, 
at the same time, one-third of the total under- 
ground labor force had not been examined 
under the Rules, and the majority of these 
had over 25 years’ service with presumably a 
significant degree of dust retention.§ How- 
ever, in 1953 Oorgaum Mine ceased opera- 
tions after 70 years, and all personnel were re- 
quired to be examined, the total underground 
workers being 2245. It has been possible to 


§ Of 423 such men examined prior to retiring 
in 1952, 44% had compensable pneumoconiosis. 
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underground service. 


with 17 years 


, aged 35, 
Anteprimary stage. 


Fig. 9.—Thin tissue section of lung of blaster 


The distribution of dust can be clearly seen. 
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arrive, therefore, at an incidence of the condi- 
tion among a group of workers who, up to the 
time of the closure of the mine, constituted 
nearly one-fifth of the underground labor 
force on the Field and were in every way a 
representative group. This incidence was 
found to be 625 cases of all degrees of pneu- 
moconiosis among 2245 workers (27.8%). 
Of these, 584 cases (25.5%) were in the 
anteprimary stage; 32 cases (1.4%), in the 
primary stage, and 9 cases (0.4%), in the 
secondary stage. These figures are probably 
more accurate than the totals so far given 
for the whole Kolar Field, because even up 
to the present time many of the underground 
labor force have not been examined under 
the Rules, mainly because they were long- 
service men who suspected they might have 
pneumoconiosis and, as they were employed 
prior to 1940, were exempt from compulsory 
examination. 


EXPERIMENTAL STUDIES 


Caplan and Burdon * (1947) found that the 
SiOz content of lungs varied from 0.7% in 
lungs with very few dust-cell aggregates to 
7% when definite pneumoconiosis was pres- 
ent. The minimal fibrosis in relation to the 
heavy dust-cell aggregates indicates that the 
dust is relatively innocuous, a conclusion that 
is supported by the finding of a low disability 
rate (0.43% of 14,000 workers). It seems 
likely, therefore, that there is some factor 
present in the dust reducing the pathogen- 
icity of the quartz component. This problem 
was studied by Ray and associates * (1952), 
who analyzed the air-borne dusts (Table 2) 
and conducted experiments on rats by intra- 
tracheal injection of dust suspensions in 
order to assess its pathogenic effects. They 
found that, while the clear and the dark 
quartz, both of high solubility, produced sili- 
cotic nodules in 120 days, the hornblende 
schist, mostly silicate and of low silica solu- 
bility, did not produce any lesion greater 
than a Grade 1 fibrosis over a period of one 
year, and a similar result was obtained from 
the air-borne dusts of the different mines. 
It will be seen from Table 2 that the total 
silica varies from 44% to 52% and Al,O; 


from 10% to 11%. The presence of the high 
aluminum oxide content may be of great 
significance, because these authors have pre- 
viously shown that the presence of aluminous 
minerals is inhibitory to the silicosis-produc- 
ing effects of quartz. They have concluded 
that on the Kolar Gold Field the aluminum 
oxide component is probably exerting an 
antidotal effect on the quartz. 

It would appear from these studies that, 
if the quantity and percentage of hornblende 
schist in the air-borne dust is at any time 
reduced by change in rock formation or 
mining methods, a higher quartz content 
might result, leaving a greater proportion of 
silica which is not neutralized by the alumi- 
num oxide, so that true silicosis may ensue. 


RELATIONSHIP WITH TUBERCULOSIS 


The danger of pneumoconiosis on the 
Field is in the association with tuberculosis. 
It is for legal purposes designated the infec- 
tive type of secondary silicosis under the 
Mysore Silicosis Rules. The marked fibrotic 
reaction that occurs leads to interference with 
pulmonary function in those cases which do 
not succumb immediately to the tuberculous 
infection, and it is only in this type that the 
expectation of life is significantly shortened. 

Like all the inhabitants of Southeast Asia, 
the miners are very susceptible to tubercu- 
losis. It has not been possible to obtain true 
figures of incidence, because many cases are 
as yet undiagnosed, and there is no process 
of official notification and treatment either 
on the Field or elsewhere in South India. 
However, the incidence of radiologically ap- 
parent tuberculosis among 2460 surface and 
underground workers in Oorgaum Mine in 
1953 was 9 cases of secondary silicosis and 
9 cases of pulmonary tuberculosis without 
pneumoconiosis—a total of 18 cases, or 7 
per 1,000. 

It has been the impression over several 
years now that the presence of a significant 
degree of pneumoconiosis does increase the 
susceptibility to tuberculosis and may in- 
crease the incidence of breakdown of the 
quiescent disease. There is no evidence as 
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to how this happens, and it is difficult to see 
how the tuberculous infection could be in- 
fluenced, as in true silicosis, when the effect 
of silicon dioxide has already been modified 
in some way, possibly by the aluminum oxide 
of the mixed dust; on the other hand, it is 
possible that the tuberculous infection en- 
ables the silica to be released and so act as 
a fibrosing agent, either alone or in conjunc- 
tion with some specific factor developed in 
the course of the tuberculous infection. 
The suggestion put forward by Robson 
and associates * (1934) that infections other 
than tuberculosis may influence development 
of silicosis would not appear to be borne out 
on the Kolar Gold Field, where the under- 
ground workers have an incidence of 18 per 
1000 of primary pneumococcal lobar pneu- 
monia alone (Ffrench,® 1953) without the 
subsequent development of fibrosis. Robson 
and associates showed by animal experiments 
that exposure to the irritant action of gases 
from explosives and sulfide-containing rocks, 
combined with dust exposure, did produce 
silicotic lesions, whereas dust alone did not. 
It is interesting that such cases do not occur 
on the Kolar Gold Field, owing to the differ- 
ent methods of mining and types of rock. 


COMMENT 


To describe pneumoconiosis on the Kolar 
Gold Field as a severe health problem would 
be overstating the case. It is primarily a 
radiological condition but at any time might 
assume more serious proportions. Since it 
was described by Caplan and Burdon? 
(1947), it has received increasing attention, 
and it must not be confused with the pneu- 
moconioses that occur elsewhere in India, 
particularly the silicosis in the mica mines 
in Bihar, in the steel industry in Mysore, 
and in pottery and other works. The extent 
of pneumoconiosis in India is only just being 
uncovered, and with the dual types of in- 
dustry—mining or factory on a large scale 
and family mining and village crafts, it will 
be difficult to arrive at true estimates. 

The inference to be drawn from the work 
of Ray and associates * (1952) on the chemi- 


cal aspect of mine dust is beyond the scope 
of this paper, but it touches on the aluminum 
factor in the prevention of silicosis. 

Not until the indigenous peoples of India 
become less susceptible to tuberculosis will 
pneumoconiosis on the Kolar Field cease to 
be a financial burden to the authorities. 

The compensation received for all types 
of pneumoconiosis is considerable. The 
amount paid by the companies in 1952 was 
$82,311, and in 1953 it was $168,601 ; hence 
any methods that will reduce the dust hazard 
will pay off. The total number of cases com- 
pensated was 251 in 1952 and 860 in 1953; 
this latter figure is high because of the closure 
of Oorgaum Mine in 1953. 

The Mysore Silicosis Rules were framed 
only in 1940 to cover all industrial processes 
giving rise to dust disease of the lung though 
it had already been realized in 1934 that a 
radiologically apparent pneumoconiosis ex- 
isted. The Rules were drafted from those 
which existed on the Witwatersrand in 
South Africa before it was realized that dis- 
ability was not always associated. By follow- 
ing too closely the South African legislation, 
the Mysore Rules came to be silicosis rules, 
which implies that classical silicosis predomi- 
nates on the Field. This is not so, but never- 
theless in the official courts the name stands. 


SUMMARY 


The type of pneumoconiosis occurring on 
the Kolar Gold Field is described, together 
with the clinical, radiological, and pathologi- 
cal criteria for diagnosis. 

Experimental studies of Kolar Gold Field 
dusts by other workers have indicated that 
the relatively high aluminum oxide content of 
the air-borne dust may account for the rela- 
tive harmlessness of the condition. 


The relation to tuberculous infection is 
stressed. It is only when the two conditions 
occur together that life expectancy is short- 
ened. 

Dr. A. R. Riddell, of the Department of In- 
dustrial Hygiene, Province of Ontario, and Dr. J. 


C. Jeffrey, Chief Medical Officer, Kolar Gold Field, 
offered valuable criticisms in the preparation of 
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this paper. Permission to publish was granted by 
Messrs. John Taylor and Sons (India), Ltd. 
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A. |. G. McLAUGHLIN, M.D., F.R.C.P., London 


The story of dust diseases in Great Britain 
goes back a long way. E. L. Collis, in his 
classical Milroy Lectures of 1915, quoted 
Herbert Spencer as saying that the starting 
point of human progress was the “localization 
of industries.” There was such a localization 
in prehistoric factories for the making of flint 
implements at Grime’s Graves, near Brandon 
in Suffolk, where the flint knappers still use 
tools like the deer-horn picks of their prehis- 
toric ancestors. In 1914, Collis showed that 
these workers have a high mortality from 
silicosis. He said that it is probable that “the 
starting point of human progress” was asso- 
ciated with at least one form of pneumoconi- 
osis. It has been long known that the dust of 
flint, which is nearly pure SiOz, is dangerous 
to health. Over 200 years ago, Thomas Ben- 
son, of Newcastle under Lyme, was granted 
a patent for grinding flints by a wet method. 
At that time it was said that a man who 
ground the flints dry could not live longer than 
two years. 

Our greatest localization of industries took 
place during the Industrial Revolution, and 
this was really the starting point of our in- 
tensive knowledge about the effects of dust on 
the lung. 

The first notable contribution was that of 
Pearson (1813), who, after many autopsies, 
decided that the black pigment in the bron- 
chial nodes and the lungs was due to the in- 
halation of small particles resulting from the 
burning of coal, wood, and other inflammable 
materials. The German pathologists, on the 
other hand, thought that the pigment came 
from inside the body. Meiklejohn (1951) has 
described the hitherto little-known and _re- 


Recorded for publication April 7, 1955. 
H. M. Medical Inspector of Factories. 
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markable contributions of the Scottish physi- 
cians of the 1800's on the connection between 
disease of the lungs and coal dust ; he also tells 
how the incidence of anthracosis diminished 
with improved ventilation of the mines. The 
Scottish physicians decided that simple coal 
dust was comparatively harmless and that 
stone dust was the really noxious factor. 

Charles Turner Thackrah, a physician in 
Leeds, played a major part in the study of oc- 
cupational diseases (including the dust dis- 
sases) in Great Britain. In his book “The 
Effects of Arts, Trades, and Professions,” the 
second edition of which was published in 
1832, he crystallized the idea that the inhala- 
tion of large quantities of dusts of any kind 
can damage the lungs but that some dusts are 
more harmful than others. His conclusions 
were based on first-hand observations of 
workers in hospitals, in their homes, and in 
the factories. 

Two other great Englishmen in the history 
of pneumoconiosis about the middle of the 
19th century were T. B. Peacock and E. H. 
Greenhow. Peacock first established miners’ 
disease as an entity and distinguished it clin- 
ically from pulmonary tuberculosis before 
little was known about bacteriology and noth- 
ing about x-rays. Greenhow carried out the 
first large field investigations into the dusty 
industries of England and Wales, including 
the heavy-metal industries, the potteries, coal, 
copper, and lead mining, and even agriculture. 
In the Transactions of the Pathological So- 
ciety of London (1860-1866) there are to be 
found excellent descriptions by both of these 
physicians of the disease, which was later to 
be called silicosis by Visconti, in 1870. They 
even found the dust of free silica in the lungs 
and examined it under polarized light. 

For a long time after this excellent work 
nothing much was done about the dust dis- 
eases, but about the beginning of the 20th 
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century a new interest began to be taken in 
the problem not only in England but also in 
other parts of the world. About the same 
time the tempo of life in general began to in- 
crease, and there was an urge for increased 
speed of production—an urge which has grad- 
vally gathered momentum. With the replace- 
ment of hand labor by the machine, dusty 
processes have become more dusty and meth- 
ods of dust control have lagged behind output. 
The result has been a remarkable increase of 
the incidence of the dust diseases. 

A noteworthy contribution in 1892 was 
Arlidge’s book on the occupational diseases, 
which was only the second to be published in 
England. 

In 1904, J. S. Haldane and his colleagues 
ascribed the high mortality among tin miners 
to the inhalation of rock dust. A little earlier, 
dust phthisis among slate workers was shown 
to be related to the dust of slate, particularly 
when it had a high quartz content. 

E. L. Collis (1915) pinpointed the dust of 
free silica as the main cause of most of the 
dust diseases. He also drew attention to the 
role that dust inhalation plays in determining 
the mortality from lung diseases experienced 
by the general population. Long ago he 
showed the influence of air pollution on the 
mortality from lung diseases in general. 
Though Collis did this work 40 years ago, he 
is always up-to-date. He had, and still has, 
an uncanny knack of seeing to the heart of 
any problem. Just now in England there is 
controversy about chronic bronchitis and 
emphysema and whether they can be held to 
be caused by the inhalation of dust. It is true 
that the incidence of chronic bronchitis and 
emphysema is high among the general popula- 
tion, and the possible causes are legion. It is 
difficult to decide (in Arlidge’s words) how 
much of the malady is “town-made” or “trade- 
made.” But as Collis showed years ago, an 
agent which irritates the lung parenchyma can 
also irritate the bronchial mucous membrane. 
At present there is one industrial pulmonary 
disease of which the diagnosis is made largely 
on the presence of chronic bronchitis and 
emphysema, and that is byssinosis. 
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In the last 50 years in Great Britain (as 
elsewhere ), there has been intensive research 
into all aspects of the dust diseases, such as 
causation, pathology, incidence in various in- 
dustries, and prevention. For the first 25 
years or so, much of the impetus came from 
H. M. Medical Inspectors of Factories, and 
prominent in the study of the chest diseases 
were Collis, Middleton, and Merewether. It 
might be said that they played almost a lone 
hand, with meager facilities for investigation. 
However, they were helped greatly by hospi- 
tal physicians, general practitioners, radiolo- 
gists, and pathologists, notably Hall, Robert- 
shaw, Kettle, Gloyne, and Cooke. During this 
period much attention was paid to silicosis, 
and it, with tuberculosis, was established as 
being the cause of disability and death in most 
of the industries where there is exposure to 
the dust of free silica. Pari passu, regulations 
laying down dust-control measures were is- 
sued by the Factory Department for most of 
the major industries. Notable contributions 
were Collis’s work, already mentioned, on the 
role of free silica and Middleton’s field in- 
vestigation (with E. L. Macklin) into the 
grinding industry in 1923. In the late ’20’s, 
a series of brilliant observations by Cooke, 
Gloyne, Burton Wood, Stuart McDonald, and 
M. J. Stewart on the clinical, radiological, 
and pathological features of a new disease, 
which Cooke named asbestosis, led to field in- 
vestigations by Merewether and Price (1930). 
These firmly established that the dust of as- 
bestos was dangerous to health, and it was 
the first time that the dust of combined silica, 
as opposed to free silica, was found to damage 
the lungs. The condition, as Legge points out, 
was first seen in 1906 by Murray at Charing 
Cross Hospital, but little or no notice of it 
was taken at that time. 

An important landmark was the passing of 
the Workmen’s Compensation (Silicosis) 
Act of 1918, which came into force in 1919. 
For the first time compensation for disable- 
ment or death was given in respect of an in- 
dustrial pulmonary disease. The Act pro- 
vided initial and periodical medical examina- 
tion of all workers in the refractories industry 
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and suspension from the industry on a diag- 
nosis of simple silicosis as well as silicosis 
with tuberculosis. The medical officers re- 
sponsible for the examinations were the Tu- 
berculosis Officers of the Local Authority ad- 
ministering sanatorium benefit under the 
National Health Insurance Act. The scheme 
was revised in 1925, and again in 1931, to 
provide for examinations by a medical board. 
This was the beginning of the whole-time 
Silicosis and Asbestosis Medical Board under 
its first (and only) Chief Medical Officer, 
C. L. Sutherland. 

A close association began between the 
Medical Inspectorate of Factories and the 
Silicosis and Asbestosis Medical Board, both 
groups working under the Home Office. In 
general, the Medical Inspectorate made the 
field investigations which established the risk 
of silicosis (or asbestosis) in an industry or 
process and which led to the establishment of 
the various compensation schemes. But the 
members of the Board (stationed at Sheffield, 
Manchester, Stoke on Trent, and Cardiff) 
also carried out field investigations into vari- 
ous industries, such as sandstone ( Sutherland 
and Bryson, 1929), granite (Sutherland and 
Bryson, 1929), and potteries ( Meiklejohn, 
1949). But perhaps the most significant re- 
sult of the formation of the Board was that 
there was begun a systematic and valuable 
collection of case histories with x-ray films, 
together with occupational details and post- 
mortem findings. 

At first the Board was limited to a few in- 
dustries, but gradually its scope has increased 
and more and more dusty industries have 
come under examination. Workers in the re- 
fractories industry first came under a com- 
pensation scheme in 1925, metal grinders in 
1927, and sandstone workers in 1929. In 1928, 
the Various Industries Scheme included the 
processes of mining, quarrying, drilling, and 
blasting in silica rock, the crushing and grind- 
ing of siliceous materials, and also isolated 
processes in steel foundries (not iron foun- 
dries) and metal works, in potteries, and in 
tin mines. In 1934 the Various Industries 
Scheme was amended to include coal miners 


with silicosis; in 1935 hematite ore miners 
were included, and in 1939 slate miners. 
Workers with asbestosis were first compen- 
sated in 1931; compensation for byssinosis 
was introduced in 1941 and was dealt with 
by a specially constituted board. Pneu- 
moconiosis, as opposed to classical silicosis, in 
coal miners was brought under the compensa- 
tion schemes in 1943 and in coal trimmers in 
1946. The Various Industries Scheme was 
again amended in 1946 to include molders of 
iron castings who used siliceous parting pow- 
ders and also blasters of any type of metal 
castings to free them from adherent sand, 
even if the blasting abrasive was nonsiliceous. 
The National Insurance (Industrial Injuries) 
Act was passed in 1946 and altered the whole 
basis of compensation in that it became the re- 
sponsibility of the Government but with con- 
tributions from employers and workers. Ber- 
yllium “poisoning”? became compensable in 
1949. In 1954 all foundry workers (iron, 
steel, and nonferrous ) became entitled to com- 
pensation under the Industrial Injuries Act. 
A fuller account of the development of com- 
pensation in Great Britain has recently been 
written by Meiklejohn (1954). The Silicosis 
and Asbestosis Medical Board was trans- 
ferred from the Home Office in 1946 to the 
Ministry of National Insurance (later com- 
bined with the Ministry of Pensions). The 
Board was divided into a series of Pneu- 
moconiosis Panels, but they work in much 
the same way as the Board did, except that 
there is now no Chief Medical Officer. 

The various compensation schemes men- 
tioned above reflect the evolution of the study 
of the industrial lung diseases in Great Brit- 
ain. There are comparable legal enactments 
and regulations designed to control the risks 
in each industry, but they are too numerous 
to mention in detail. 

To “flash back” a little, in 1936 Middleton, 
in his Milroy Lectures, reviewed the position 
of the dust diseases in Great Britain. He 
covered all the dusty trades, including coal 
mining, but at that time only cases of silicosis 
in coal miners were recognized as being eligi- 
ble for compensation. Most of the miners, 
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such as hardheaders, drifters, or rippers, had 
been exposed to stone dust, but Middleton 
also showed that there was a high incidence of 
a lung disease among coal miners, particularly 
in South Wales, which was not classical sili- 
cosis. Much of his evidence was drawn from 
the findings of the Silicosis and Asbestosis 
Medical Board. Following his paper, there 
began a series of intensive investigations by 
the Medical Research Council into the health 
risks of coal mining, which covered all as- 
pects, such as clinical, radiographic, and en- 
vironmental ( Medical Research Council Spe- 
cial Reports I [1943], II [1943], and III 
[1945]). The important fact emerging from 
this work was that coal dust by itself could 
cause pneumoconiosis, and this was followed, 
as previously mentioned, by the extension of 
compensation to coal miners and coal trim- 
mers. In 1945, the Pneumoconiosis Research 
Unit of the Medical Research Council was set 
up in Cardiff, and an impressive body of work 
has emerged on various aspects of coal miners’ 
pneumoconiosis. This work is well known, 
and I propose, therefore, to limit my remain- 
ing observations mainly to the dust diseases 
resulting from work in places which come 
under the Factories Acts,.with only inciden- 
tal references to coal mining. 


SILICOSIS 


Silicosis has been found to be a cause of 
disability in the following broad groups of in- 
dustries as well as in coal mining and other 
forms of mining, such as tin, hematite, copper, 
barites, and fire clay. 


1. Refractories industry. This group in- 
cludes the making of silica bricks, furnace 
dismantling and rebuilding, and retort setting 
and repairing. 

2. Pottery industry. Workers in this group 
have been engaged in the manufacture of 
both earthenware and china with their various 
subdivisions and as flint millers and polishers. 
The substitution of ground flint by alumina for 
the placing of biscuit ware has resulted in a 
diminution of deaths from silicosis among 
workers in that process. 
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3. Stone quarrying, crushing, and dressing. 
This group includes workers with sandstone, 
millstone, gritstone, slate, granite, and other 
igneous rocks. The risk varies with the 
amount of free silica in the rock and, of 
course, with the protective measures adopted. 
Recently some limestone quarrymen have 
contracted silicosis, but the limestone con- 
tained a fairly high proportion of free silica.* 
In this group could be included rock tunnel- 
ers, in whom the onset of silicosis may be 
very rapid. As regards slate workers, a bil- 
liard-table maker has recently received com- 
pensation for silicosis. 


DEATHS FROM SILICOSIS IN METAL GRINDERS | 
1930-1951 
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Fig. 1.—Chart showing diminishing numbers of 
deaths among metal grinders during the period 
1930-1951, inclusive. 


4. Metal grinding. The silicosis risk in 
the grinding of metals has greatly diminished, 
owing to the replacement of the sandstone 
grinding wheels with artificial ones composed 
of Carborundum, alumina, or emery. Apart 
from the lower “toxicity” of the dusts from 
these substances, the wheels are much harder 
than sandstone, and less dust is created. But 
the grinders of castings (iron, steel, and non- 
ferrous ) are still exposed to a silicosis risk on 
account of the presence of burned-on sand on 
the castings. The diminishing number of 
deaths among grinders is shown in the chart 
(Fig. 1). 


* Doig, A. T.: Unpublished data. 
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5. Sandblasting. This job, as Merewether 
(1936) showed, had a high silicosis risk. The 
position has altered materially after sand be- 
gan to be replaced by other nonsiliceous abra- 
sives, such as steel shot, and since the use of 
sand as an abrasive was prohibited in 1949 by 
the Blasting of Castings (and other Articles) 
Regulations. The process of wet sandblasting 
of ships’ hulls does not come under the Regu- 
lations (because legally a ship is not an arti- 
cle), but it is thought that there is also a risk 
of silicosis in the job. Sandblasting is still 
used in the open air on works of engineering 
construction, e. g., in order to prepare large 
metal suriaces for the application of paint. 

6. Manufacture of abrasive soap. Middle- 
ton showed in 1936 that the manufacture of 
abrasive soaps carried with it a risk of acute 
or subacute silicosis, accompanied by tubercu- 
losis. There was a disastrous experience at 
one factory in London between 1921 and 
1928, when there were 13 deaths among 81 
workers. This experience led to rigorous dust 
control in the processes, but between 1941 
and 1952 there were nine deaths from silicosis 
among this type of worker. It is not possible 
to state the incidence of disease and disability, 
because there is a rapid turnover of labor 
(mostly young women) in the job. Silica 
flour is still being used as an abrasive, though 
efforts are being made to find a less harmiul 
substitute which will be acceptable to the 
manufacturers and the users. There were no 
new cases of silicosis in this trade in 1953. 

7. Foundry industry. The iron and steel 
foundry industry has been investigated in 
great detail during the past 10 years or so, 
and the results were published in 1950 in book 
form by McLaughlin and others (‘Industrial 
Lung Diseases of Iron and Steel Foundry 
Workers”). Pathological studies of 64 cases, 
as well as clinical and x-ray examinations of 
some 3000 workers, showed that there was a 
varying risk of silicosis and mixed dust pneu- 
moconiosis (to which reference is made be- 
low) in the various categories of foundry 
workers. 

Steel fettlers (dressers or castings clean- 
ers) had a severe risk, largely owing to the 


fact that the dust from the pneumatic hammer 
is not controlled. The main pathological lesion 
was classical silicosis, with or without tuber- 
culosis. Among iron fettlers, the risk was not 
so great as among steel fettlers, and the main 
pathological lesion found was mixed dust 
pneumoconiosis, though classical silicosis did 
occur, Steel molders were less affected by dis- 
ease and disability than iron molders, though 
statistically the incidence of x-ray abnormal- 
ities was greater among steel workers. More 
deaths occurred among iron molders, and this 
fact appeared to be related to the use of 
siliceous parting powders. The use of siliceous 
parting powders has now been prohibited by 
the Foundries (Parting Materials) Regula- 
tions, 1950. Silicosis still occurs among shot 
blasters of both iron and steel castings, but 
the risk is controlled by ventilation and per- 
sonal protective devices, and the numbers of 
cases and deaths, in contrast with the experi- 
ence among steel fettlers, are not increasing. 
Other categories of iron and steel foundry 
workers are subject to much less risk than 
the above groups of workers. New and strin- 
gent regulations (Iron and Steel Foundry 
Regulations) were issued in 1953. They re- 
quire strict dust control in the dusty proc- 
esses. 


The question of pneumoconiosis among 
nonferrous foundry workers is now being ex- 
amined in detail. Isolated cases of silicosis and 
mixed dust pneumoconiosis have occurred 
among both casters and dressers of nonferrous 
metals, but an extensive survey has not yet 
been carried out. Harding and McLaughlin 
have described the pathological, clinical, ra- 
diological, and environmental details of six 
fatal cases. 

Table 1 shows the number of new cases of 
pneumoconiosis (i. €., silicosis and mixed dust 
pneumoconiosis) in foundry workers diag- 
nosed by the Pneumoconiosis Panels in 1953. 

These figures can be regarded as an under- 
statement of the real position. More than half 


+ Harding, H. E., and McLaughlin, A. I. G.: 
To be published. 
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TABLE 1.—New Cases of Pneumoconiosis—1953 


Foundries 
Occupation Total 


Welders and burners (in castings cleaning 


* Twenty-seven of these workers had also been exposed 
to coal dust for varying periods. 


of the cases in iron molders came from one 
area where there had been an x-ray survey of 
three foundries. If more iron foundries had 
been similarly surveyed, more cases would 
have been found. In certain steel foundries the 
dressers (chippers or castings cleaners) are 
x-rayed each year, but a complete picture of 
the true position will not be obtained until all 
workers undergo periodical medical examina- 
tion. This statement also applies to other 


In Table 2 details are given of fatal cases of 
silicosis and asbestosis investigated fully by 
the Medical Inspectorate of Factories between 
1930 and 1953. The average ages at death and 
the length of employment in the dusty indus- 
tries are also given. 

It is seen that as regards silicosis the manu- 
facture of scouring powders and sandblasting 
were the most dangerous industries, with the 
lowest average age at death and the shortest 
average period of employment. Another in- 
teresting point is that tuberculosis occurred 
in about half of the cases of silicosis, whereas 
it was found in only about two-fifths of the 
cases of asbestosis. The average age at death 
and the length of exposure in the cases of as- 
bestosis were much lower than in the silicotic 
group as a whole but more on the level of 
sandblasters and makers of scouring powders. 

The connection between asbestosis and 
cancer of the lung is becoming clearer, and in 
one series of 100 autopsies on asbestosis cases 
there were 25 cases of cancer of the lung. 


dusty industries. Wyers (1949) has pointed out that the x-ray 


TasLe 2.—Fatal Cases of Silicosis and Asbestosis Investigated by Factory Department, 1930-1953 


Average Duration of Employment 
Age at oo ~ 
Deaths, Death, Longest, Shortest, Average, 
No. Yr. Yr. 
Silicosis 
Pottery 
Biicoals with 56.2 67.0 5.0 34.7 
Sandstone 
267 60.9 62.0 9.0 39.0 
Grinding of Metals 
123 9.5 61.0 14.0 35.9 
Silicosis with 211 54.0 56.8 2.8 33.0 
Sandblasting 
Silicosis with tuberculosis...... 99 46.2 46.0 2.0 13.1 
7 Manufacture of scouring powders 
16 40.8 37 2.3 8.3 i 
with 6 40.8 11.2 2 7.0 
Miscellaneous 
283 55.4 57.0 1.5 24.3 
With 248 51.6 50.0 0.7 24.8 


Total 


Silicosis with 1,204 54.4 67.0 0.7 31.2 
Asbestosis 
230 49.5 48.0 0.5 16.6 
Asbestosis with 87 40.2 33.0 0.8 114 
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appearances of asbestosis are undergoing 
some change in that nodular as opposed to 
ground-glass shadows are beginning to ap- 
pear. He thinks it probable that this is because 
of the lessened exposure to dust over a longer 
period, owing to the rigorous application of 
exhaust ventilation to the dusty processes and 
the use of personal protective devices. Cases 
of asbestosis, however, are now appearing in 
workers who do asbestos lagging of pipes and 
boilers. In this process, particularly if as- 
bestos is being sprayed, it is difficult to apply 
adequate protective measures, more especially 
because the workers are usually peripatetic. 


PRESENT POSITION 


How many cases of pneumoconiosis (sili- 
cosis, asbestosis, coal miners’ pneumoconiosis, 


In all industries there were 8789 deaths 
from occupational fibrosis of the lung in the 
12-year period, and it will be seen that the 
total yearly figures are going up. Over the 
same period there were 6907 deaths from non- 
occupational fibrosis of the lungs. About two- 
thirds of the total number of deaths in the 
occupational group occurred in coal miners, 
who form the largest group (about 700,000) 
exposed to dust inhalation. The figures rose 
steeply from 232 in 1940 to 937 in 1951 (in 
1952 the figure dropped slightly, to 912). It 
may well be that part of the increase is due to 
more accurate diagnosis, or at least to greater 
interest in the pneumoconiosis problem, 
among coal miners. In Figure 2 is shown a 
comparison, based on the crude figures of 
Table 3, between the coal miners and factory 


TABLE 3.—Deaths from All Types of Pneumoconiosis in England and Wales, 1940-1951 


Industry 


190 1941 1942 1943 1944 1945 1946 1947 198 199 1950 1951 Total 
53 45 47 41 32 41 49 48 73 «62 608 
109 82 54 77 5765 61 55 29 71 
41 26 26 21 24 22 32 27 26 37 22 21 325 
16 12 7 7 6 9 8 10 13 13 8 8 117 
7 5 7 5 13 19 14 26 27 25 70 6129 347 
64 40 46 43 39 40 51 50 49s 64 42 51 57 
ll 17 ll 10 16 15 15 17 12 18 161 
6 6 7 1 10 3 4 8 7 ll 8 65 
533 423) «434 «4850 604 «655 818) 893 1,033 1,113 1,305 8,789 
650 461 443 #493 531 529 568 616 651 554 679 732 6,907 


etc.) occur in Great Britain? It should be 
mentioned that at the present time it is im- 
possible to give accurate figures of the popu- 
lations at risk in the various trades and proc- 
esses. Both the Registrar-General and the 
Ministry of Labour classify occupations in 
groups too broad to give specific figures of 
the populations in the dusty industries, and 
those in the possession of employers’ asso- 
ciations and trades unions are not complete. 
It may be possible in several years’ time to 
give more accurate information. All that can 
be done now is to state the numbers of deaths 
reported to the Registrar-General and to give 
the figures for one year of the new cases diag- 
nosed by the Pneumoconiosis Panels. 


The deaths from all forms of pneumoconi- 
osis between 1940 and 1951, inclusive, in 
England and Wales are given in Table 3. 


workers. In the factory processes, the yearly 
number of deaths was going down until 1943, 
but there has been a slight rise in the later 
years. 

In both groups, it should be emphasized 
that the deaths in each year are related to 
conditions which obtained in mines and fac- 
tories some years previously, possibly 10 to 
20 years or even longer. 

New Cases in Factory Occupations —The 
following Table 4 gives the numbers of new 
cases of pneumoconiosis diagnosed by the 
Pneumoconiosis Panels in 1953. These fig- 
ures have been kindly supplied by the Minis- 
try of Pensions and National Insurance, but 
it should be noted that they differ slightly as 
regards the numbers in each occupation from 
the figures originally supplied. The Ministry 
usually classifies the cases as falling into the 
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Fig. 2.—Chart showing trends of deaths from 
fibrosis of the lungs among coal miners and factory 
workers during the period 1940-1951, inclusive. 


category of the last jobs done by the workers, 
whereas Dr. G. O. Williams, of the Factory 
Department, has reclassified some of the cases 
on the basis of all occupations done by each 
worker in order to determine the most likely 
cause of the pneumoconiosis. 

There were 896 cases of pneumoconiosis 
diagnosed, and this figure includes 54 cases of 
byssinosis. The cases with an uncomplicated 
occupational history numbered 665, and in the 
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remainder there was exposure for varying pe- 
riods to other dusts, mainly coal dust. Addi- 
tional exposure to coal dust occurred mainly 
in those industries situated in coal-mining 
areas, such as refractories, stone (sandstone 
and granite), pottery, slate, and foundry in- 
dustries. The pottery industry contributed 
the greatest number of cases (353, mainly sili- 
cosis), and the foundry industry came next 
with 190 cases. There are roughly 25,000 pot- 
tery and about 220,000 foundry workers 
(iron, steel, and nonferrous ) ; so it is probable 
that the pottery industry has a higher pneu- 
moconiosis risk than foundries. Such general 
statements are not of much value, because the 
risk varies from process to process within the 
same industry. The substitution of ground 
flint by calcined alumina has reduced the sili- 
cosis risk among placers of biscuit ware in 
potteries, whereas the fettling of steel castings 
is still a dangerous job. 

New Cases in Mining.—Table 5 gives the 
numbers of new cases of pneumoconiosis oc- 
curring in all mining operations in 1953. 

These figures show clearly the tremendous 
problem which faces the coal-mining industry. 
There is no space to give in detail the varying 
degrees of severity of pneumoconiosis found 
in the 4048 cases, but the figures are given 
in the “Digest of Pneumoconiosis Statistics 


4.—New Cases of Pneumoconiosis—1953 
Factory Occupations 


Industry 

(2) Stone workers (sandstone, granite)........... 
(4) Slate workers (quarrying and splitting)..... 
(6) Metal grinding (other than foundries)........ 
(9) Furnace dismantling, 
(11) Abrasive wheel 
(14) Graphite and carbon electrodes............... 


Other Dust 


No Other Exposure 
Dust 
Exposure Coal Other Total 
15 10 25 
10 1 66 
254 86 13 353 
62 39 101 
27 9 190 
5 2 7 
5 4 9 
2 2 
17 24 
4 1 5 
3 3 
14 5 3 22 
1 oe 1 
40 14 
10 10 
24 oe ee 24 
665 205 26 896 
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TABLE 5.—New Cases of Pneumoconiosis—1953 


Mining * 
Cases 
Industry No. 
(6) Hematite 4 
*No eases in chert, *oil shale, or stratified ironstone 
mining. 


+ Fourteen fire clay miners were also exposed to coal 
dust. 


for 1953,” issued by the Ministry of Fuel and 
Power (1954). It can be said, however, that 
more than 50% of the cases had only slight 
disability, and only about 3% were totally 
disabled. 

The number of cases in hematite mining is 
diminishing, but the small numbers found in 
tunneling are usually instances of rapid and 
severe silicosis. 

DUSTS OTHER THAN SILICA, ASBESTOS, 
AND COAL 


About the middle 1930’s the Factory De- 
partment began to turn its attention to other 
dusts. Middleton, in his 1936 review, referred 
to dusts, such as tripoli, sillimanite, kiesel- 
guhr, talc, china clay, and fullers’ earth. In 
the same year Doig and McLaughlin pub- 
lished a paper on the x-ray appearances of 
the lungs of electric-arc welders. From this 
has arisen a world-wide study of the inert 
and radiopaque dusts, and notable American 
contributors have been Sander, Enzer, Pen- 
dergrass, Vorwald, and Hamlin. Perhaps the 
most interesting outcome of this study has 
been the alteration of the approach to the 
interpretation of x-ray films of the chest, 
because the x-ray features of siderosis, bari- 
tosis, and stannosis, in the absence of occu- 
pational histories and clinical examinations, 
can be mistaken for fibrotic changes in the 
lungs. In fact, an alarming x-ray picture is 
often found in a worker who has little or no 
disability. The study of siderosis was helped 
by the excellent work of Stewart and Faulds 
(1934) and later Craw (1937) on the hema- 


tite miners, in which group the lesion was 
found to be siderosilicosis, often accompanied 
by tuberculosis. Craw’s later work (1947) 
in eliminating tuberculosis from the hematite 
mines and in improved dust control methods 
is of major importance. 

Other occupations and dusts which have 
been studied include those of boiler scalers, 
graphite workers, grain dockers, and workers 
exposed to beryllium and its oxides, to the 
dust of leather mixed with other dusts, and 
to bagasse. Attention has also been given to 
exposures to the dusts of aluminum, man- 
ganese, and vanadium and to asthma occur- 
ring in workers exposed to the double salts 
of platinum and also to various wood dusts, 
such as western red cedar. 

Pathology.—A great deal of work has been 
done on the pathology (gross, histological, 
and experimental) of coal miners’ lungs by 
Gough, Harding, King, Heppleston, Wright, 
Gloyne, Nagelschmidt, and others. I might, 
however, state some conclusions about pa- 
thology which Harding and I (with our late 
colleague, S. Roodhouse Gloyne) have ar- 
rived at after studying the lungs of workers 
in many diverse industries. 

Until about 10 years ago, the pathology of 
the dust diseases was dominated by the class- 
ical silicotic nodule (Fig. 3). In the same 
way, before a diagnosis could be made, the 
patient had to have x-ray nodulation, or the 
classical “snowstorm” effect. Classical sili- 
cosis usually occurs after the worker has been 
exposed to dust containing a high proportion 
of free silica. It is becoming increasingly 
clear, in our opinion, that even small propor- 
tions of free silica in a dust can cause a fibro- 
sis which is composed of nodules not of the 
classical type (Fig. 4). The arrangement of 
the fibers is linear and radial, and the outline 
of the whole nodule is stellate. It looks like 
a black star. Harding, Gloyne, and I have 
applied the term mixed dust pneumoconiosis, 
or mixed dust fibrosis, to this nodule. It has 
been found in foundry workers, especially in 
cleaners of iron castings, in persons exposed 
to the dust of graphite containing about 10% 
free silica, and in boiler scalers who are ex- 
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Fig. 3.—Classical silicotic nodule from lung of a 
gold miner (30 years old) ; hematoxylin and eosin; 
x 24. 


posed to a mixed dust with a low proportion 
of SiOz. The coal nodule of coal miners’ 
pneumoconiosis has much the same appear- 
ance as our mixed dust pneumoconiosis 
nodule. Coal contains varying proportions 
of free silica. In any case, the common de- 
nominator in those cases and occupations in 
which this type of nodule is found appears to 
be the presence of a small proportion of free 
silica in the dust. Where there is a high pro- 
portion, as stated above, the classical silicotic 
nodule is found. But in the same case, there 
may be both the classical nodule and the 


Fig. 4.—Mixed dust pneumoconiosis nodule from 
a steel fettler’s lung; hematoxylin and eosin; x 24. 


ARCHIVES OF INDUSTRIAL HEALTH 
mixed dust pneumoconiosis nodule. Indeed, 
there are also nodules which show a transi- 
tion stage between the mixed dust nodule and 
the classical one (Fig. 5). It should be men- 
tioned that the x-ray appearances of the lungs 
of a worker with mixed dust pneumoconiosis 
differ little, if at all, from those of one with 
silicosis, and the disease is just as disabling 
and as fatal. 


Boiler Scalers’ Pneumoconiosis.—Experi- 
ence of pulmonary diseases in ships’ boiler 
scalers illustrates well the etiology of mixed 
dust pneumoconiosis. These men are exposed 
to a mixed dust which varies according to 
the type of fuel used to heat the boilers and 
also according to the source of the water used 


Fig. 5—Transition nodule, from mixed dust pneu- 
moconiosis nodule to silicotic nodule in an iron 
dresser’s lung; hematoxylin and eosin; x 24 


in them. It contains carbonates, silicates, 
iron, and carbon. There is usually under 5% 
of free silica, but there is often a high pro- 
portion of iron and its oxides. Flue dust 
contains more iron than does the scale on the 
water tubes, sometimes as much as 48%. 

In the first case of boiler scalers’ pneumo- 
coniosis the worker had been scaling boilers 
for over 40 years (Harding, Tod, and 
McLaughlin, 1944). In 1938 an x-ray film 
of his chest showed nodulation in the upper 
and outer lung fields, and in the lower zones 
reticulation (or micronodulation). At that 
time we made a tentative diagnosis of sili- 
cosis in the upper zones, with siderosis in the 
lower zones. Seven years later the patient 
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died of cancer of the lung, and histological 
examination of the lungs showed (apart from 
the cancer) the presence of classical silicotic 
nodules in the upper and outer zones, and in 
the lower zones (where there was x-ray 
reticulation) there were mainly deposits of 
carbon and iron dust in the lungs, with no 
fibrosis. In all other parts of the lung there 
were nodules of mixed dust pneumoconiosis. 
Up to the present time we have had autopsies 
on nine boiler scalers, and all showed this 
type of fibrosis. Only one scaler had classical 
silicotic nodules in addition. But five of them 
also died of cancer of the lung, and this may 
well have been partly caused by carcinogenic 
substances present in the soot. 

The change from coal to oil as a fuel for 
ships’ boilers has brought with it another 
problem. The dust from oil-fired boilers 
causes symptoms of bronchospasm or asthma 
in a high proportion of cases, and it is likely 
that this is due to the presence of vanadium 
in the oil soot. Williams (1952) has published 
an interesting series of cases illustrating this 
point. My colleagues and I are at present 
examining (with clinical, radiographic, and 
environmental details) the boiler scalers 
(some 300 of them) in the port of South- 
ampton, where the boilers of ocean-going and 
large passenger liners are cleaned. The inves- 
tigation has not been completed, but up to the 
present we have not found as much lung 
damage as was shown in a previous inquiry 
in the port of Hull, where the boilers of 
fishing trawlers are mainly scaled. So far 
we have found three cases of compensable 
pneumoconiosis among 50 workers and one 
case of cancer of the lung, together with a 
proportion of cases with lower degrees of 
pneumoconiosis and disability. 

Tale Pneumoconiosis—A great deal of 
work on tale pneumoconiosis has been done 
in the United States and Canada (Dreessen, 
1933; Dreessen and Dalla Valle, 1935; 
Riddell, 1940; Siegal, Smith, and Green- 
burg, 1943, etc.). Merewether (1933-1934), 
in England, studied the x-ray and clinical 
features of rubber workers exposed to talc 
dust. But it was not until 1949 that we were 


able to study the histological appearances of 
a proved case of tale pneumoconiosis (Mc- 
Laughlin, Rogers, and Dunham, 1949). 
A man, 51 years of age, had worked for 
37 years in a rubber-tire factory, where he 
had been exposed to a fairly high concentra- 
tion of tale dust. Moderately advanced pneu- 
moconiosis of both lungs was found at au- 
topsy (in addition to incompetence of the 
aortic valve). Throughout the lung substance 
were scattered small gray nodules, more 
numerous in the lower lobes. In some areas 
the nodules had coalesced to form small 
masses. The fibers appeared to be arranged 
concentrically around small vessels, giving 
the impression of whorling, but not like the 
appearance of silicosis. There were, in addi- 
tion, many “curious” or tale bodies, resem- 
bling, but easily distinguishable from, asbes- 
tos bodies. Much dust, which proved to be 
talc, appeared in the sections, and it was 
thought at the time that the particles were all 
fibers. More recent work on the lung by 
Nagelschmidt t has shown that the bulk of 
the dust is in the form of plates with only a 
few fibers. 

At least three other autopsies on cases of 
tale pneumoconiosis (all from rubber works) 
have been made, and they show similar fea- 
tures to the first published case. Small sur- 
veys have been made on workers exposed to 
tale dust in various industries, but larger 
ones have been planned to take place shortly. 
It is clear that talc dust, though fibrogenic, is 
not so active as asbestos in damaging the 
lungs. 

Leather Dressers’ Pneumoconiosis—Co- 
operation between the directors of chest clin- 
ics, the mass radiography units, and the 
Medical Inspectorate of Factories has been 
instrumental in bringing to light hitherto 
unsuspected causes of pneumoconiosis. Since 
the mass radiography campaign was begun 
in 1948 for the early detection of cases of 
pulmonary tuberculosis, some 13,000,000 per- 
sons have undergone examination. Many 
factory populations have been surveyed, and 


t Nagelschmidt, G.: Personal communication to 
the author. 
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included among them have been factories 
where there is a dust risk. The workers at 
one leather factory were examined by Dr. 
Hugh Ramsay, of the Wanstead Mass Radi- 
ography Unit. He drew our attention to the 
fact that in one department a high proportion 
of the workers showed abnormal x-ray 
changes, other departments, 
where there was no dust, no abnormalities 
were seen. In the department with the high 
proportion of x-ray abnormalities, skins 
loaded with china clay and calcium carbonate 
are dressed on rapidly revolving felt wheels 
covered with a layer of fine Carborundum 
powder. The job is very dusty, though it is 
done under exhaust ventilation. The dust is 
composed of much fine leather dust, with 
smaller proportions of china clay (kaolin), 
calcium carbonate, and Carborundum., It was 
found that the dust contained about 5% of 
free silica. The x-ray films showed all stages 
of abnormality, varying from early reticula- 
tion (micronodulation) through nodulation 
to massive shadows. In a few cases there was 
clinical evidence of disability. One man with 
an x-ray film showing massive shadows had 


whereas in 


died from “asthma and pneumonia” a year 
before the investigation began, and there was 
no autopsy. In spite of the fact that up to 
the present time no pathological evidence has 
been available, it is likely that the condition 
will fall into the group of the mixed dust 


pneumoconioses. The dust of china clay, 
which for years has been thought to be com- 
paratively harmless, is becoming more and 
more suspect. Even apart from china clay, 
the presence of a small proportion ot free 
silica is prima facie evidence that the dressing 
of such skins is a hazardous occupation. 
Beryllium Pneumonitis and Granulomato- 
sis.—It is remarkable that British experience 
of beryllium pneumonitis and granulomatosis 
is not as extensive as that in the United 
States, though many workers have been ex- 
posed to the dust of fluorescent lamp powders 
containing beryllium oxide and also the dust 
and fumes from the alloys. Only one death 
has occurred, and the Factory Department 
has collected clinical, x-ray, and environ- 
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mental details of five nonfatal cases, one of 
whom is now very ill. The other four cases 
are either recovering, or their condition is 
stationary. It is also remarkable that five out 
of six affected workers were chemists en- 
gaged in the development of the beryllium 
lamp powders. At the factory where the fatal 
case of beryllium granulomatosis occurred, 
150 of the other workers were examined 
clinically and radiographically and no more 
cases were found, though there had been con- 
siderable exposure to the dust of the lamp 
powders in the early days. It is undeniable 
that beryllium oxide is toxic, but examina- 
tion of the histology of the lungs of the one 
fatal case has led me to hold the unorthodox 
view that beryllium was not the sole cause of 
the condition. There were two types of le- 
sion: one of a granulomatous type, in which 
there were giant and epithelioid cells, and the 
other in which were many fibrotic nodules 
indistinguishable from silicosis. Under polar- 
ized light many doubly refractile particles 
were seen in the nodules, and an eminent 
crystallographer stated that these were cristo- 
balite, one of the most active forms of free 
silica. This is not surprising, because one of 
the ingredients of the lamp powder is silica 
gel (25%), which in the preparation of the 
powder is heated up to about 1100C. The 
changed methods of preparing the lamp pow- 
der have eliminated both the beryllium oxide 
and the free silica, so that the risks both of 
beryllium granulomatosis and of silicosis have 
also been eliminated. 


“Pneumoconiosis” from Vegetable Dusts. 
—Apart from cotton, not a great deal of 
work has been done on the vegetable dusts. 
The illnesses noted among cotton workers 
include mill fever, a transitory illness which 
affects nearly all new workers in cotton, flax, 
and hemp mills and also in malt houses; 
“Monday fever” (or feeling) ; 
cough, and byssinosis. 


weavers’ 


Byssinosis develops after about 20 years as 
a natural progression from ‘Monday fever” 
and in its final stage has the characteristics 
of chronic bronchitis and emphysema. As 
Schilling (1954) says, though it was de- 
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scribed by Greenhow nearly 100 years ago, 
its etiology is still obscure. It presents an odd 
but characteristic history of chest tightness 
and breathlessness on Mondays, which grad- 
ually extends to other working days as the 
disease progresses. “In its later stages these 
symptoms are very distressing, but usually 
remain worse on Monday than on any other 
day. It causes no specific x-ray changes in 
the lung fields.” In the main, the workers 
in the cotton card and blowing rooms suffer 
most from the disease. Strippers and grind- 
ers who clean the carding engines are especi- 
ally affected. As mentioned previously, work- 
ers with byssinosis are compensated under a 
special scheme. 

Bagassosis—Only one factory in the coun- 
try handles bagasse (or sugar cane without 
the sugar), and bagassosis has occurred 
mainly in those workers who were grinding 
bagasse in a dry state. The condition is an 
acute bronchiolitis, with high temperature, 
severe dyspnea, and x-ray picture of the lungs 
showing generalized miliary shadows.  Fif- 
teen cases of this acute disease have come to 
the notice of the Factory Department ; some 
of these have been described by Castleden 
and Hamilton-Paterson (1942), Gillison and 
Taylor (1942), and Hunter and Perry 
(1946). The last case occurred in 1948. 
Since we got the firm to grind the bagasse 
under water, there have been no further 
cases. 

Farmers Lung.—Farmers’, or threshers’, 
lung was first described by Campbell (1932), 
and after that Fawcitt (1936 and 1938) did 
a great deal of work on the condition. It has 
features similar to bagassosis, but, since it 
occurs mainly among workers who have been 
handling moldy hay during a wet summer, it 
is regarded as being caused by a fungus. 
Fawcitt was firmly of this opinion. Single 
cases of the condition are described from 
time to time by physicians in the agricultural 
districts. 


Pneumoconiosis in Grain Dockers.—Dun- 
ner, Hermon, and Bagnall described in 1946 
the clinical features and abnormal x-ray ap- 
pearances in a group of 55 grain dockers. 


Thirty of these men had pulmonary tubercu- 
losis, but 11 others had x-ray changes sug- 
gestive of the presence of pneumoconiosis. 
Fourteen had normal x-ray films. Analysis 
of the dusts from various grains showed 
small percentages of free silica; oat dust, for 
instance, had 5%. No autopsies have been 
carried out, but it seems that a case has been 
made out for an extended investigation of 
larger groups of grain dockers. 
Graphite Pneumoconiosis—It has been 
found by some observers in England (Dun- 
ner, 1945, 1948, and 1949; Gloyne, Marshall, 
and Hoyle, 1949, and Harding and Oliver, 
1949) that workers exposed to the dust 
of natural graphite develop radiographic 
changes in the lungs and disability. The range 
of x-ray abnormalities closely resembles that 
seen in coal miners. Pathological and experi- 
mental studies (Gloyne and others, 1949, 
Harding and Oliver, 1949) show that the 
condition falls into the group of the mixed 
dust fibroses, the fibrotic nodules having a 
linear and radial pattern as opposed to the 
whorled fibrosis of the classical  silicotic 
nodule, Natural graphite contains small per- 
centages (of the order of 5%-10%) of free 
silica. There is as yet no evidence that pure 
graphite will produce a similar condition. 

Manganese Pneumonitis—A few cases of 
manganese poisoning affecting the nervous 
system occurred in the middle 1930’s in 
workers grinding manganese dioxide for use 
in lamp batteries. In 1946, Lloyd Davies re- 
ported a high incidence of pneumonia in a 
group of workers exposed to manganese di- 
oxide dust in the manufacture of potassium 
permanganate. Animal experiments by Lloyd 
Davies and Harding (1949) confirmed that 
manganese dioxide irritated the lung tissue 
and caused intense infiltration of the alveolar 
walls and alveoli. Later granulomatous 
changes developed in some instances. These 
results are in line with those described by 
workers in other countries. 

Vanadium Pneumonitis—Wyers (1946) 
recorded his observations on workers exposed 
to vanadium pentoxide dust, and his results 
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are similar to those described by Sjoberg 
(1949) in Sweden. The effects are a combi- 
nation of systemic poisoning and irritation 
of the pulmonary tissue, leading in some 
cases to bronchospasm and pneumonia. 
Doig § and Williams (1952) have described 
the marked bronchospasm occurring in 
workers exposed to the soot of oil fuel, which 
is thought to be caused by the high percent- 
age of vanadium in the soot. 


SUMMARY 


The position as regards the dust diseases 
in Great Britain may be summarized as fol- 
lows: 

1. During the past 50 years, the risk of sili- 
cosis in most of the major industries has been 
firmly established. Until the late 1920's, free 
silica was the only dust which was thought 
to damage the lungs. Asbestosis, caused by 
the dust of a combined silica mineral, came 
into prominence about that time. In the mid- 
dle 1930's, attention was given to the effects 
of other dusts on the lungs, such as iron and 
its oxides, and of radiopaque dusts, china 
clay, sillimanite, kieselguhr, talc, and mixed 
dusts containing free silica. 

During the middle 1930's also, the effects 
of coal dusts on the lungs were given increas- 
ing attention, and extensive surveys were 
carried out, culminating in the formation of 
the Pneumoconiosis Research Unit of the 
Medical Research Council in 1945. The coal 
miners numerically constitute the greatest 
problem of dust disease in Great Britain. 

2. Despite the combined efforts of inspec- 
tors of factories and mines, physicians, chem- 
sists, engineers, and research workers, the 
deaths from pneumoconiosis have continued 
to rise yearly. The reasons for this increase 
may be found in more accurate diagnosis of 
the condition and in the publicity given to 
occupational diseases of the lungs, leading to 
more frequent mention of pneumoconiosis by 
physicians on death certificates. But a more 
likely cause is the urge for increased speed of 
production, and the introduction of machines 


§ Doig, A. T.: Unpublished data. 
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which make a dusty process more dusty and 
cause a lag in dust-control methods. 


3. Compensation for industrial pulmonary 
disease began soon after 1918, and gradually 
most of the processes and industries which 
damage the lungs are being brought under 
the provisions of the various Acts of Parlia- 
ment. The Industrial Injuries Act of 1946 
removed the responsibility for compensation 
from employers and insurance companies to 
the Government. Since then cases taken 


under Common Law against the employers 
have increased rapidly. 


4. Numerous legal provisions, contained 
both in Acts of Parliament and in Regula- 
tions, have been brought into force. Routine 
inspection by inspectors of factories and 
mines has been instrumental in limiting the 
numbers of cases of disability and death 
brought about by inhalation of the dangerous 
dusts. 


5. It is expected that more accurate infor- 
mation about the incidence of the dust dis- 
eases will be obtained in the near future, 
when statistical studies of the information 
obtained by the Pneumoconiosis Panels have 
been carried out, and when the report of the 
Registrar-General about the occupational 
incidence of disease at the time of the 1951 
Census becomes available. At the present 
time no reliable information exists about 
the populations at risk in each industry and 
process. 

6. Surveys of the population by mass radi- 
ography to detect early tuberculosis are 
bringing to light information about the ef- 
fects of dust in some hitherto unsuspected 
occupations. 


7. Many problems about dusts and the 
lungs are still unsolved, and some would say 
that we have only just begun to attack the 
fringes of the problem. Nevertheless, a great 
deal has already been accomplished. 

Assistance in compiling the information con- 
tained in this paper was rendered by Dr. P. K. 
Walker and the members of the Pneumoconiosis 
Panels of the Ministry of Pensions and National 
Insurance; Drs. E. R. A. Merewether, A. T. Doig, 
and G. O. Williams, of the Factory Department, 
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Ministry of Labour and National Service; Dr. H. 
E. Harding, lately of Sheffield University, and Dr. 
G. Nagelschmidt, of the Safety in Mines Research 
Laboratories, Sheffield. 
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One of the important potential health haz- 
ards associated with the atomic energy in- 
dustry is that of air-borne radioactive dust. 
This is not a new problem, since radium and 
uranium mines have always had radioactive 
dust and radon gas. Indeed, the only prac- 
tical experience with this hazard originated 
in the European uranium mines, where there 
was an extremely high incidence of lung 
cancer.' 

The control of radioactive dust is in one 
sense an economic matter, because the 
greater the expenditure for ventilation equip- 
ment the less the degree of personnel ex- 
posure. The problem then has been to estab- 
lish reasonable levels of exposure which 
would insure safety of the workers without 
being overly conservative and therefore too 
expensive. Two approaches to this problem 
have been made. The known average con- 
centration of radon (310~* curies/liter) in 
the Schneeberg and Joachimstal mines has 
been used as the basis for a recommended 
maximum permissible concentration of 10°" 
curies/liter.2 In practice, however, 10°'° 
curies/liter has been used to a considerable 
extent. The other approach to the problem 
of establishing safe working concentrations 
is based on a maximum permissible radiation 
dosage rate to the lung of 300 milli- 
rem/week.’ An estimate is made of the air 
concentration of the particular dust in ques- 
tion which if inhaled over the period of a 
working week would deliver this radiation 
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dosage to the lung. It is pertinent to note 
that the value of 300 millirem/week is also 
used for whole-body exposure to penetrating 
radiation and is derived from estimates of 
the dose which would not be damaging to the 
blood-forming organs.* Whether it is reason- 
able to utilize the same permissible dosage 
for both the lung and the blood is not an- 
swerable at the present time. 

It is of interest to compare the dose rate 
of 300 millirem/week with that calculated 
for the maximum permissible exposure to 
radon. Harley * has calculated that exposure 
to 10°'° curies/liter, assuming 50% retention 
of the radon daughter products on the bron- 
chial epithelium, would deliver 50 rem/week. 
This is 150 times higher than the 300 milli- 
rem/week permissible value. This calcula- 
tion must be tempered by the lack of infor- 
mation on the actual fraction of inhaled radon 
daughter products deposited on the bronchial 
mucosa and the question of whether the 
radon or thoron daughters, in fact, remain 
in the lung or become rapidly dissipated in 
the blood stream. This latter point, that of 
the effective half-life of the daughters of 
radioactive gases, forms the subject of some 
experiments to be reported here. 

Although the dosages from the current 
maximum permissible concentration of radon 
and the maximum permissible exposure rate 
to the lung of 300 millirem/week do not com- 
pare very closely, it is well to point out that 
the use of the more conservative value in- 
volves a number of assumptions which are, 
at best, crude approximations. For example, 
one must assume that a certain fraction of 
the inhaled dust is retained and that this 
retained dust has a biological half-life of a 
certain magnitude. These factors, together 
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with the radiological half-life and the effec- 
tive energy of the emitted radiation, enable 
one to calculate the permissible air-borne 
concentrations. There may be a major fallacy 
in this approach, since most of the lung can- 
cers observed in the European uranium 
mines, and these presumably were due to 
radiation, occurred in the epithelium of major 
bronchi. The walls of such bronchi are suffi- 
ciently thick to prevent the penetration of the 
alpha and beta radiations (which are the im- 
portant ones so far as lung damage is con- 
cerned) from the outside of the bronchial 
wall through to the inner lining, which is 
the target organ in question. Consequently, 
radiation to the bronchial mucosa must orig- 
inate largely from the particles which are 
initially deposited in the bronchi or which 
are swept out over them by the ciliary mech- 
anism. From this point of view, the radio- 
active particles which are rapidly removed 
from the lung constitute the real hazard. 
The estimates for the maximum permissible 
air concentration are, however, based on the 
fraction which remains behind in the lung, 
and, for all we know, this material deposited 
in the alveoli may be rendered harmless by 
the comparative radioresistance of the alve- 
olar structures. This, in one sense, would be 
analogous to the situation in which lead is 
detoxified by being deposited in the skeleton 
and its damaging effects occur while in 
transit to and from the bone. If this, in fact, 
is the truer picture of the situation, the bet- 
ter estimate of the hazard would involve in- 
formation on the fraction of inhaled 
radioactive particles which are deposited on 
the bronchial mucosa and the rate at which 
they are removed. It is this point, namely, 
the speed with which radioactive particles 
are removed by ciliary action, that constitutes 
the subject of the second group of experi- 
ments to be reported here. 


EFFECTIVE BIOLOGICAL HALF-LIFE OF THORON 
DAUGHTERS 


As indicated in Figure 1, the daughters of 
thoron gas are more suitable than those of 
radon for the estimation of the effective half- 
life in the lung, because they have a radiologi- 
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cal half-life of about 10% hours, compared 
with 30 minutes for radon daughters. In ad- 
dition, ThC and ThC’ have gamma radia- 
tions of greater than 1,000,000 electron volts, 
which make their detection from the outside 
surface of the chest feasible. 

In these studies, thoron gas was dispersed 
into a 1000 cu. ft. chamber by bubbling air 
vigorously through a 2 me. solution of ThX. 
At the same time a cloud of kaolin (alumi- 
num silicate, HyAloSie0g, density 2.1) dust 
was maintained in the same chamber. After 
the thoron supply to the room is shut off, 
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Fig. 1.—Thorium decay series. 


ThA, with a half-life of 0.16 second, decays 
almost immediately and the remaining activ- 
ity is governed by ThB, with a half-life of 
10.6 hours. The thoron daughters are pro- 
duced in atomic form or in very small aggre- 
gates, and they adsorb onto the surfaces of 
suspended dust and are deposited in the lung 
with the carrier dust. Since they are attached 
to the dust in a tenuous fashion, we were 
interested in determining whether the daugh- 
ters were quickly washed off and carried 
away from the lung by the blood. 
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A concentration of 10° curies/liter of ThB 
was maintained throughout the experiments, 
of which six were performed on four healthy 
subjects. The dust was inhaled for approxi- 
mately one hour through a face mask at- 
tached by a short length of rubber hosing to 
a port in the dust chamber. Cascade-im- 
pactor samples were taken during the early 
and latter parts of the breathing period. 
When the subject completed the dust inhala- 
tion, he washed his face and removed any 
dust from the pharynx and mouth by gar- 
gling. He then seated himself before a scin- 


The results of these studies are presented 
in Figure 2, where the experiments were di- 
vided into two groups on the basis of the 
initial count rate recorded from the surface 
of the chest. It can be seen that the effective 
half-life, as determined from both curves, 
was about nine hours. This value is very 
close to the radiological half-life of 10.6 
hours, indicating that the biological half-life 
is in the order of 60 hours. This study indi- 
cates that, once deposited, the thoron daugh- 
ter products, and by analogy radon daughter 
products (because their chemical forms are 
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Fig. 2—Net gamma count rate from the surface of the chest following inhalation of thoron 


daughters. 


tillation counter which utilized a cylindrical 
sodium iodide crystal, 2 in. in diameter and 
1% in. thick. This crystal was mounted in 
a lead shield in such a manner that the front 
of the crystal could be pressed against the 
subject’s chest. During all experiments the 
crystal was positioned on the anterior surface 
of the thorax on the midline at the level of 
the second rib. The crystal received the 
gamma radiations emitted by ThC and ThC”. 
The particle-size distribution of the kaolin 
dust was quite uniform and ranged in all 
the experiments from 1.la to 1.3” mass- 
median diameter. 


almost identical), are removed slowly enough 
so that the effective half-life is not signifi- 
cantly different from the rate of radiological 
decay. 


CLEARANCE RATE OF DUST BY THE 
MECHANISM 


CILIARY 


As indicated previously, the hazard of in- 
haled radioactive insoluble dust may come 
from those particles which are removed by 
ciliary action rather than from the ones re- 
maining behind, and it was of interest to 
determine the rate of this removal in humans. 
Animal studies have indicated that the linear 
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velocity of particles carried on the bronchial 
mucosa is quite high, about 1 to 3 cm. per 
minute, depending on the portion of the 
respiratory tract.® In addition, it is common 
experience of radiologists that iodized oil 
(Lipiodol) used for bronchography is fre- 
quently removed within one day. Animal 
studies utilizing radioactive dusts also indi- 
cate that the bronchial mucosa is cleared in 
a matter of hours.’ 


For these studies, metallic iron powder 
was used, which had been irradiated with 


NET CHEST COUNTS/MINUTE 


Blendor was turned on for three seconds, 
and at the end of this interval the subject 
was instructed to take a breath; at the same 
time a cascade-impactor sample was ob- 
tained. The Blendor was turned off, and the 
subject rinsed his mouth and pharynx by 
gargling with water and then went quickly 
to the scintillation counter, as described be- 
fore. 


In the experiments to be reported here, 
eight studies were performed, four with par- 


1500 


0 2 4 6 8 


Fig. 3.—Net gamma count rate from the surface of the chest following inhalation of radioac- 


tive iron dust in Subject A. B. 


neutrons in an atomic pile to produce a 
radioactivity level of 100uc of Fe®* per gram 
of iron. This iron isotope has a strong gamma 
component and consequently is also suitable 
for detection from the surface of the chest. 
The radioactive iron powder was placed in 
a Waring Blendor which was fitted with a 
tight cover. The cover had an opening for 
a short breathing pipe and a port for the 
inlet of a cascade impactor. At the beginning 
of the experiment, the subject placed his 
The 


mouth around the breathing pipe. 
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ticle sizes of 3.4u-4.3 and four with particle 
sizes of 1.4y-2.34 mass-median diameter. 
Three of the four studies with the larger 
particle sizes were remarkably similar. Fig- 
ure 3 illustrates an experiment in which the 
count rate from the surface of the chest 
started at about 2000 counts per minute, rose 
rapidly several hundred counts more, and 
fell precipitously to about 5% of the initial 
activity in two hours. Figure 4 presents a 
similar response in another subject. During 
the course of this run, it occurred to us that 
the activity which was lost from the chest 
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Fig. 4—Net gamma count rate from the surface of the chest following inhalation of radio- 


active iron dust in Subject R. A. 
should appear in the abdomen, because par- 
ticles raised by ciliary activity are swallowed. 
When the subject placed his abdomen against 
the crystal at about the level of the umbilicus, 


NET CHEST COUNTS/MINUTE 
400 


the indicated high count rate was observed. 
A saline cathartic was administered, after 
two defecations the count fell to very low 
levels. Blood samples taken during the pe- 
riod of rapid clearance from the chest indi- 
cated no detectable radioactivity. 

The next subject (Fig. 5) was unusual. 
Whereas the other subjects achieved a high 
chest count with one respiration, this subject 
had to inhale about four times in order to 
reach a counting rate of only 300 per minute. 
In retrospect, the subject recalled that while 
breathing he had kept his tongue close to the 
hard palate. It is possible that because of 
the narrowing of the breathing passage 
through the mouth, the velocity of the air 


Fig. 5.—Net gamma count rate from the 
surface of the chest following inhalation of radio- 
active iron dust in Subject L. A. 
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activity and then dropped more slowly to a 
level of about 12% in eight hours. In this 
experiment, serial abdominal counts indi- 


cated that the activity in the abdomen fol- 
lowed the chest activity inversely, and, as in 
the previous run, the activity returned to 


Fig. 6—Net gamma count rate from the surface 
of the chest following inhalation of radioactive 
iron dust in Subject M. W. 
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became high enough to impact more particles 
in the pharynx so that fewer reached the 
lung, and of those that did there was a 
greater predominance of smaller particles. 
In any event, this subject again showed the 
initial rapid drop in count rate, but this time 
the fall stopped at about 25% of the initial 


background levels only after several bowel 
evacuations. 

The response to the smaller particles is 
illustrated by Figure 6. Here we see that 
there is again a rapid initial fall, in this case 
in 4 hours to about 60% of the initial activ- 
ity, and then a slower fall over the course of 
30 hours to a level which is thereafter sus- 
tained for the remainder of the observation 
period of 70 days. It is worth noting (Fig. 
7) that in two subjects receiving the smaller 
particles the secondary 30-hour clearance 
period appeared to consist of two parts, with 


Fig. 7—Net gamma count rate from the surface 
of the chest following inhalation of radioactive 
iron dust in Subject E. H. 
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a more rapid initial phase which resembled 
the secondary clearance in subjects receiving 
the larger particles (Figs. 4 and 5). 

In summarizing the data in Figure 8, the 
average time for completion of the first decay 
curve in the four experiments with the larger 
particle sizes, was 2.1 hours, with a range 
of 1.9 to 2.3 hours, and the average percent- 
age of the material cleared from the lung 
after this period was 87%, with a range of 
75% to 95%. In two of these subjects, there 
was a second clearance period, lasting 3.2 


OF RADIOACTIVE DUST FROM LUNG 


COMMENT 


The technique of measuring the clearance 
of radioactive particles from the lung, as used 
in these studies, is sensitive to changes in 
geometrical distribution of radioactivity 
within the chest, but the interpretations of 
the data, as reported here, would not be 
seriously affected by this factor. 


The results obtained with the thoron 
daughter experiments are probably more 
representative of particles deposited mainly 
in the alveoli, and consequently it is still 


PARTICLE FIRST 
SIZE DECAY PERIOD 
MMD | GSD (hours) 
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and 6.5 hours, which reduced the retention 
about another 10%. 


In the four experiments where the subjects 
inhaled the smaller particle sizes, the average 
time for completion of the first clearance 
period was 2.4 hours, with a range of 1.6 to 
4.0 hours, and the average activity cleared 
from the chest after this period was 47%, 
with a range of 36% to 53%. All these sub- 
jects exhibited a second, shallower clearance 
slope which ended in an average of 33 hours, 
with a range of 31 to 36 hours. This second 
clearance period increased the lung clearance 
from an average of 47% to 68%. 


Fig. 8—Summary data on inhalation of radioactive iron dust. 
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moot whether radon or thoron daughters 
would be cleared by the ciliary mechanism. 
It is worth noting that, because the radio- 
active daughters are fixed onto the surfaces 
of particles, their distribution in a dust cloud 
will tend toward the smaller particles, where 
the surface area is greatest, and these are 
the ones which would tend to be deposited 
in the alveoli. This is to be contrasted with 
the radioactive iron particles, in which the 
amount of radioactivity is a function of mass 
rather than of surface area. 

There is little doubt that the initial rapid 
removal of the radioactive iron from the 
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lung represented ciliary clearance. Metallic 
iron is an insoluble material, and the trans- 
location of the radioactivity to the intestine 
and the lack of appearance in the blood were 
convincing evidence that the iron was not 
solubilized to any extent and thus removed 
from the lung. The speed with which the 
ciliary mechanism cleanses the bronchial 
mucosa would appear to make this a very 
effective means of minimizing radiation dam- 
age to the bronchial epithelium. The tech- 
nique by which this has been demonstrated 
in humans could no doubt be extended to 
provide further information on the relation- 
ship of particle size to bronchial deposition. 


SUMMARY 


The effective half-life of thoron daughters 
in the lung following deposition, together 
with kaolin particles of mass-median diam- 
eter 1.1y-1.3, is about nine hours. This 
indicates that the pulmonary clearance of 
radon and thoron daughters under these con- 
ditions will not materially reduce the radia- 
tion hazard following inhalation. 

The early bronchial clearance of radio- 
active iron particles appears to have two 
phases: The first clearance period ends in 
2 to 4 hours and the second in about 30 
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hours. The larger the average inhaled par- 
ticle size, the greater the fraction removed 
in two to four hours. 


U. S. Atomic Energy Commission (Dr. Albert). 
693 Madison St. (Dr. Arnett). 
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News and Comment 


GENERAL NEWS 


Conference of Federal Sanitary Engineers.—The Conference of Federal Sanitary 
Engineers has recently been formed, to serve as a means for bringing together engineers engaged 
in the practice of sanitary engineering (including industrial hygiene) in the federal government, 


in a manner similar to the Conference of State Sanitary Engineers and the Conference of 
Municipal Public Health Engineers. 


Membership in the Conference is open to any sanitary engineer (as defined by the National 
Research Council) who is on active duty as a commisioned officer of the Army, Air Force, Navy, 
or USPHS, or who is a civilian employee of any department or agency of the U. S. Government. 
Inactive duty reserve officers and former employees are eligible for associate memberships, and 
retired personnel are eligible for honorary membership. Dues for members are $2.00 a year, 
and for associates and honorary members, $1.00. 


Among the aims of the Conference are: support of the proposed Intersociety Certification 
Board in sanitary engineering; solution of mutual problems, such as training, recruitment, and 


career planning for enigneers in the U. S. Government, and cooperation with existing technical 
and professional societies. 


It is planned that regional meetings of the Conference will be scheduled to coincide with 
annual meetings of such organizations as the Society of Military Engineers, Association of 
Military Surgeons, American Society of Civil Engineers, American Public Health Association, 
and the annual Industrial Health Conference. This follows the pattern established by the Con- 
ference of State Sanitary Engineers. 


Each year an Award of Merit, with suitable certificate and cash emolument, will be presented 
to the engineer in the federal service selected by the Conference Committee on Awards and 
Professional Recognition, as having made the most outstanding contribution to sanitary engineer- 
ing by a U. S. Governmental sanitary engineer. 


Information and membership application may be obtained from the Secretary of the Con- 
ference, Lieut. Col. Alvin Meyer, 1701 So. 78th St., Omaha 6. 


107 


ing 
‘ 
’ 
a 
ive 
: 
a 
4 
: 
¢ 


Books 


Lehrbuch der Arbeitshygiene: Band I. Allgemeine Physiologie und Hygiene der Arbeit. 
(Textbook of Industrial Hygiene: Vol. I. General Physiology and Hygiene of 
Industry). Third edition. By Franz Koelsch. Price, $13. Pp. 426. Ferdinand Enke, 
Hasenbergsteige 3, Stuttgart, W., Germany, 1954. 

This textbook is one of the most important treatises on the subject of industrial medicine. 
In this, the first of the two volumes, the author deals with man and his work and divides the 
subject into six parts. The first part is introductory and includes a concise historical review 
of the development of industrial hygiene in the civilized world, in general, and in the more 
highly industrialized countries, in particular. 

The second part deals with man in relation to his work. The influences of the individual's 
constitution, age, sex, heredity, and race are examined; natural and artificial selection and 
supervision of workers are explained in relation to their physical condition and mental state 
and to the risks to which they may be exposed in different occupations; and the effects of 
practice, adaptation, efficiency, and fatigue are discussed. 

The third part deals with the general conditions in which work is carried on. A description is 
given of workrooms, with provisions for ventilation, for removal of dust, gases, and fumes, and 
for installing and maintaining suitable heating and cooling conditions, control of humidity, and 
adequate lighting. Welfare provisions described include mealrooms, canteens, cloakrooms, 
washing and sanitary accommodations, first-aid and rescue equipment, personal protective 
equipment and clothing, respirators and breathing apparatus. Different types of work are 
classified and described—heavy and light work, work done sitting or standing, work done by 
hand or by machine. The subjects of monotony, work periods and work pauses, hours of work, 
overtime, night work, shifts, and daily, weekly, and annual rest periods and holidays, as well as 
other factors in the worker’s life, such as wages, diet, housing, and clothing, are examined. In 
rationalization of work, various schemes or systems are examined, including, for example, the 
Taylor and Bedaux systems. Research on energy expenditure in different forms of activity and 
the effects of mechanization generally and of conveyor systems are described in detail. 

The fourth part deals with special dangers and their prevention. Here are described accidents 
of all kinds, resulting in wounds, burns, electric shock, suffocation, and drowning, and injury 
by radiations and radioactive materials, by lowered or increased air pressure, caisson disease, 
by noise, ultrasound waves, and vibration, by work at extremes of temperature, and from 
exposure to injurious dusts and to poisonous substances of all kinds met with in industry. 
The poisons are described in detail, with their physical and chemical constitutions and properties, 
toxicology, and methods of prevention and treatment of poisoning. This section receives very 
full treatment and occupies more than 80 pages. This is followed by a section on infections, 
bacterial and virus, and on animal parasites. 

The fifth part deals with the German laws, including those of the East Zone, relating to 
the protection, welfare, and social insurance, including compensation, of workers; this is chiefly 
of interest to workers in places governed by German laws and in making comparative inter- 
national studies. 

The sixth part deals briefly with the effects which may be produced on dwellers in the 
neighborhood of industrial establishments by noise, vibration, gases, fumes, water effluents, 
and other nuisances. 

This textbook is arranged as a systematic, up-to-date treatise for the use of students, and 
it is admirably suited to this purpose. But it is more than that. In view of the exhaustive 
treatment which each part of the subject receives, it can be recommended as a valuable guide 
and work of reference for those responsible in any way for the health and welfare of 
workpeople. 
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Pharmaceutical Division 


(Athlete's Foot) 


“= Desenex 


Ointment and powder of ZINCUNDECATE 


Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 
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Pamphiets about sees 


The Skin in Health and Disease. 


Harold N. Cole. 8 pages. 15 cents. 
“Hair-Brained” Notions. [ois 
Mattox Miller. 12 pages. 15 cents. 
Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 pages. 
15 cents. 
Cosmetic Facts and Fancies. 
Austin Smith. 8 pages. 


15 cents. 


Psoriasis, The Threadbare Man- 
tle. Lester Hollander. 12 pages. 


15 cents. 


Fire Under the Skin. William W. 


Bolton. 12 pages. 15 cents. 


Please remit with orcer 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 


. interesting information 
for your patients 


... reinforcements for your 
oun verbal instructions 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 


subject .. 


. such as these three 


articles on old age: 


HOPE FOR THE AGED 
James A. Brussel 
4 pp. 10¢ 


THE PROMISE OF GERIATRICS 
T. C. Desmond 
16 pp. 20¢ 


STILL LOOKING AHEAD 


28 pp. 


You may obtain a catalogue by writing to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 


CHICAGO 10, ILLINOIS 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 
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PFIZER LABORATORIES, DIVISION, CHAS. PFIZER & CO. INC. BROOKLYN Pfize 


topical questions*~ 


| 


Primary and secondary infections of the skin often respond dramatically to 
well-tolerated therapy with topical preparations of the broad-spectrum antibiotics ’ 
discovered by Pfizer. Both Tetracyn and Terramycin ointments find wide-spread 

application in the treatment of many common dermatologic conditions. 

For anti-allergic and anti-inflammatory action, Cortril Topical Ointment finds wide 
application—particularly in control of allergic and exanthematous conditions. 


Tetracyn: Ointment 


BRAND OF TETRACYCLINE 
(topical 
% oz. and 1 oz. tubes ) 


Terramycin’ Ointment 


BRAND OF OXYTETRACYCLINE (topical) with Pol in B 
% oz. and 1 oz. tubes 


Cortril: Topical Omtment 


BRAND OF HYDROCORTISONE 
1.0% hydrocortisone, free alcohol, % 0z., % oz. tubes 2.5% hydrocortisone, free alcohol, % oz. tubes. 
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